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Discussion and Decision
1  Introduction
In Rel-18 NTN-NTN mobility enhancement, RAN2 agreed to specify the hard satellite switching with unchanged PCI procedure and made the following agreements in previous RAN2 meetings. 

	RAN2#122 Agreements

·   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

·   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). 

	RAN2#123 Agreements

·   An explicit indication will be introduced to enable the unchanged PCI switch

·   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

·   PCI unchanged procedure can be performed without performing RACH

·   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.

·   In the unchanged PCI case, for RACH-based solution, the UE may trigger RACH immediately after DL synchronizing with the new satellite

·   The UE specific Koffset, if configured, is not used after t-Service and the UE uses the cell specifc Koffset until the UE receives new differential Koffset MAC CE.

	RAN2#123bis Agreements

·   Network provides the sync information of target satellite in advance to UE before satellite switching, via broadcast signalling

·   RAN2 confirms satellite switching with unchanged PCI is only applicable on quasi-earth fixed system

·   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. 

·   We support soft satellite switching in Rel-18

·   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)

·   In soft satellite switching, UE can start synchronizing with target satellite before T-service of source satellite.

·   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)

·   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

·   UE is not required to connect to source satellite when the UE switches to target satellite.


This contribution provides our view on the leftover issues of this procedure.
2 Discussion
Figure-1 indicates the satellite switching scenario, and source SAT1 and target SAT2 are associated with the same serving cell. 
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Figure-1. satellite switching scenario.
2.1 Configuration of the satellite switching 
2.1.1 SMTC configuration

In post RAN2 meeting discussion, we discussed the SMTC configuration for target satellite DL sync acquisition. And there are some leftover issues which need to address:
· Issue 1: Whether to support the different SMTC configurations between source and target satellite for hard switching?
For soft satellite switching procedure, source and target satellites may provide the transmission via the different SSBs in order to avoid the interference. For hard switching case, since there is no interference issue, it’s up to network implementation to provide the same or different SSB. If the SSB is different, SMTC configuration may be different. Therefore, different SMTC configuration for target satellite can be provided for both soft and hard satellite switching procedure. 

Proposal 1: Network may provide the different SMTC configuration in target satellite configuration in SIB19 for both soft and hard satellite switching procedure.

Proposal 2: If there is no SMTC configuration in target satellite configuration in SIB19, the CONNECTED UE assume the SMTC configuration for target satellite is same as that in source. 
· Issue 2: UE operation on the SMTC configuration in UE dedicated measurement configuration. 

In legacy, a RRC_CONNECTED UE can be configured with up to 4 SMTC configurations per carrier for serving cell and neighbour cell’s measurements. For RRC_CONNECTED UE, the SMTC timing is controlled by network side, and UE doesnot need to perform adjustment by itself. 
But for the satellite switching procedure, since L3 signalling is not involved, network cannot provide the UE specific SMTC reconfiguration to each UE in order to adjust the SMTC timing. Therefore, UE has to perform the UE based SMTC timing adjustment for all the configured SMTC configurations, including the previous configured SMTC configuration via RRC dedicated measurement configuration. 
Proposal 3: UE based SMTC timing adjustment is applied on all SMTC configurations which are provided via both UE dedicated measurement configuration and in the target satellite configuration in SIB19. 
During the satellite switching procedure, a RRC_CONNECTED UE can be configured with SMTC configuration from two ways: UE dedicated measurement configuration and SIB19. Since UE capability on the number of SMTC configuration does not change, network should ensure the total number of the SMTC configuration from both ways should not exceed UE capability. 

Proposal 4: The total number of SMTC configuration in UE dedicated measurement configuration and in target satellite configuration in SIB19 on the same frequency shall not exceed UE capability. 

2.1.2 SSB configuration of target satellite

The SSB configuration of target satellite is different from the SMTC configuration. 
· The SMTC configuration is to provide the measurement timing configuration, and UE uses it to determine the measurement occasion; 
· The SSB of target satellite is to assist UE in identifying which signal is used for the target satellite.  
During the soft satellite switching period, from UE side, within the SMTC window UE may receive both SSBs from source satellite and target satellite, and in this case, UE needs to know which is the target satellite’s SSB. Therefore, we cannot replace the SSB configuration with SMTC configuration of the target satellite. 
Observation 1: Both SSBs of target satellite and source satellite may fall within the same SMTC window in source satellite switching, and UE needs to know which is the target satellite’s SSB. 
In legacy, the serving satellite’s SSB configuration is provided in SIB1. But in satellite switching procedure, network cannot provide the target satellite’s SSB configuration in SIB1 before the satellite switching period. 
Observation 2: UE cannot acquire the SSB information of the target satellite from SIB1 before satellite switching.
Therefore, network should provide the SSB configuration together with the SMTC configuration in target satellite configuration in SIB19.
Proposal 5: SSB configuration of the target satellite (i.e. ssb-PositionsInBurst) is provided in target satellite configuration of SIB19. 
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Figure-2. Soft satellite switching scenario.
2.2 Selection between RACH-less and RACH-based satellite switching
About the selection between RACH-less and RACH-based satellite switching, there are two alternatives:
· Alt 1: Selection is based on network explicit configuration.
· Alt 2: Selection is based on UE TATimer status.

In Alt 1, as shown in Figure-3, whether RACH-less satellite switching procedure is allowed is controlled by the network configuration. If network doesnot enable the RACH-less satellite switching procedure in SIB19, UE will always perform RACH based satellite switching procedure in target satellite. If RACH-less satellite switching is disabled, UE will stop the TATimer when UE initiates the satellite switching procedure. 
In Alt 2, as shown in Figure-4, UE always selects the RACH-less or RACH-based satellite switching procedure based on TATimer status. The TATimer operation is not impacted by the satellite switching procedure (i.e. no need to stop or restart the TATimer). During the satellite switching procedure, after UE acquires the DL sync in target satellite, UE can initiate SR transmission due to UL data arrival towards the target satellites; and the SR transmission via PUCCH or RACH is based on TATimer status. 
· If TATimer is running, SR is transmitted via RACH. It’s the RACH-based procedure;
· If TATimer is not running, SR is transmitted via PUCCH. It’s the RACH-less procedure. 
· If TATimer is running, and UE can get any valid UL grant (DG or CG), UE can also fine to use it for transmission directly. It’s the RACH-less procedure. 
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Figure-3. (Alt 1) NW explicit configuration to disable RACH-less satellite switching
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Figure-4. (Alt 2) RACH-less and RACH-based satellite switching selection based TATimer status

Based on the above explanation, the two alternatives are not mutually exclusive and can be used simultaneously. The logic is as follows:
· If network disables RACH-less satellite switching in SIB19, it’s Alt-1:
· UE always stops TATimer when initiating satellite switching procedure; 

· UE always performs RACH to access the target satellite.

· If network enables RACH-less satellite switching in SIB19, it’s Alt-2.
· UE does not stop TATimer when initiating satellite switching procedure;

· UE resumes the transmission and relies on existing SR procedure to access target satellite. 

· If TATimer expires, UE initiates SR via RACH; 
· If TATimer is running, UE initiates SR via PUCCH;

· If TATimer is running, UE can transmit data directly via any valid UL grant. 
Proposal 6: RACH-less satellite switching is explicitly configured in SIB19.
Proposal 6a: If RACH-less satellite switching is disabled, UE stops TATimer when UE initiates the switching procedure. 
Proposal 6b: If RACH-less satellite switching is enabled, TATimer is not impacted by the switching procedure. 
2.3 UE operation during the satellite switching procedure
2.3.1 MAC operation 

Following proposals in the summary of the post meeting discussion are related to MAC operation. 
	<Proposals related to MAC operation >

Proposal B-1: PHR procedure is not impacted by the satellite switching procedure. 
Proposal B-1a (for discussion): Discuss whether UE triggers TA reporting upon satellite switching.   
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 preallocated 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 Nta value to 0.
Proposal B-12: For RACH-less satellite switching, UE resumes the UE dedicated UL/DL transmission after UE aquires the DL sync in target satellite. 


According to the proposals, the impact on MAC during the procedure can be summarized as follows:
· MAC doesnot reset.
· Data transmission/reception is suspended in the time period between the start of satellite switching and DL sync of target satellite acquisition.  
· Note: the operation can rely on the T430 timer operation.
· UE operation upon starting the satellite switching procedure is as follows:
· Set N_TA = 0.
· Stop TATimer if RACH-less SAT switching is disabled.
· Stop T430 timer.
· UE specific Koffset, if configured, is not used after t-Service and the UE uses the cell specifc Koffset until the UE receives new differential Koffset MAC CE.

· UE operation upon DL sync of target satellite successful acquisition is as follows:
· Start T430 timer.
· Resume data transmission/reception and PDCCH monitoring.
· Initiate TA Reporting procedure.
· Trigger TA reporting.
Proposal 7: Agree the above MAC operation during satellite switching procedure. 
2.3.2 RRC operation 

Following proposals in the summary of the post meeting discussion are related to RRC operation. 

	<Proposals related to RRC operation>

< UE operation during satellite switching>

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. 
< 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 (for discussion): Intra-cell CHO and satellite switching procedure should not be configured simultaneously. 

Proposal B-15b (for discussion): 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.


According to the proposals, the impact on RRC is limited. 
About the UE operation during the procedure, there is no impact on RRC. 
About the coexistence with L3 mobility scheme, some clarification may need to be captured in stage-2 spec.

And for proposal B-15b, when both CHO and satellite switching procedure are configured for different mobility case, since the target cells are different, we should go for Option2 and UE can initiate the procedure that triggers earlier. 
Proposal 8: When both inter-cell CHO and satellite switching procedure are configured, UE initiates the procedure that triggers earlier; it's up to UE implementation if both procedures are triggered at the same time.
Proposal 9: Capture the agreements related to the coexistence with L3 mobility scheme in stage-2 spec. 
3 Conclusion
According to the analysis in section 2, we propose that:
<SMTC configuration for target satellite>
Proposal 1: Network may provide the different SMTC configuration in target satellite configuration in SIB19 for both soft and hard satellite switching procedure.

Proposal 2: If there is no SMTC configuration in target satellite configuration in SIB19, the CONNECTED UE assume the SMTC configuration for target satellite is same as that in source. 
Proposal 3: UE based SMTC timing adjustment is applied on all SMTC configurations which are provided via both UE dedicated measurement configuration and in the target satellite configuration in SIB19. 
Proposal 2: The total number of SMTC configuration on in UE dedicated measurement configuration and in target satellite configuration in SIB19 on the same frequency shall not exceed UE capability. 
Proposal 4: The total number of SMTC configuration in UE dedicated measurement configuration and in target satellite configuration in SIB19 on the same frequency shall not exceed UE capability. 

<SSB configuration of target satellite>
Proposal 5: SSB configuration of the target satellite (i.e. ssb-PositionsInBurst) is provided in target satellite configuration of SIB19. 

< Selection between RACH-less and RACH-based SAT switching>

Proposal 6: RACH-less satellite switching is explicitly configured in SIB19.
Proposal 6a: If RACH-less satellite switching is disabled, UE stops TATimer when UE initiates the switching procedure. 
Proposal 6b: If RACH-less satellite switching is enabled, TATimer is not impacted by the switching procedure. 
<MAC operation during the SAT switching procedure>
Proposal 7: Agree the above MAC operation during satellite switching procedure. 
	The impact on MAC during the procedure can be summarized as follows:

· MAC doesnot reset.

· Data transmission/reception is suspended in the time period between the start of SAT switching and DL sync of target SAT acquisition.  
· Note: the operation can rely on the T430 timer operation.
· UE operation upon starting the satellite switching procedure is as follows:
· Set N_TA = 0.

· Stop TATimer if RACH-less SAT switching is disabled.

· Stop T430 timer.

· UE specific Koffset, if configured, is not used after t-Service and the UE uses the cell specifc Koffset until the UE receives new differential Koffset MAC CE.

· UE operation upon DL sync of target satellite successful acquisition is as follows:
· Start T430 timer.

· Resume data transmission/reception and PDCCH monitoring.

· Initiate TA Reporting procedure.

· Trigger TA reporting.


<RRC operation during the SAT switching procedure>
Proposal 8: When both inter-cell CHO and satellite switching procedure are configured, UE initiates the procedure that triggers earlier; it's up to UE implementation if both procedures are triggered at the same time.
Proposal 9: Capture the agreements related to the coexistence with L3 mobility scheme in stage-2 spec. 
