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Discussion and Decision
1 Introduction
This contribution gives our view on some open issues on satellite switch with unchanged PCI. 
2 Discussion

Issue 1: about the condition for UE to initiate the satellite switch procedure
Satellite switch procedure is introduced for the NTN-NTN handover enhancement for RRC_CONNECTED UEs in R18. Therefore, even though the satellite switch related configuration is provided via broadcasting SIB19, the condition for UE to initiate this procedure should be the same as that for initiating handover. 
Observation 1: The condition for the RRC_CONNECTED UE to initiate satellite switch procedure is the same as that for network to initiate the handover. 
The condition for network to initiate the handover is described section 5.3.5.2 in RRC spec, as follows:
-
the reconfigurationWithSync is included in masterCellGroup only when AS security has been activated, and SRB2 with at least one DRB or multicast MRB or, for IAB and NCR, SRB2, are setup and not suspended;

Therefore, UE in RRC_CONNECTED only initiates the satellite switch with re-synchronization procedure when AS security has been activated, and SRB2 with at least one DRB or multicast MRB are setup. 
Proposal 1: Clarify in spec the condition for RRC_CONNECTED UE to initiate satellite switch procedure as follows:
·  UE in RRC_CONNECTED only initiates the satellite switch with re-synchronization procedure when AS security has been activated, and SRB2 with at least one DRB or multicast MRB are setup. 
The following is the TP of RRC spec to capture the proposal 1.

	5.7.19
Satellite switch with re-synchronization in RRC_CONNECTED
UE in RRC_CONNECTED only initiates the satellite switch with re-synchronization procedure when AS security has been activated, and SRB2 with at least one DRB or multicast MRB are setup.
The UE shall:

1>
stop timer T430 if running;

1>
inform lower layers that UL synchronisation is lost due to satellite switch with re-synchronization;

1>
start re-synchronising to the DL of the SpCell served by the satellite indicated by ntn-Config in SatSwitchWithReSync;

1>
start timer T430 with the timer value set to ntn-UlSyncValidityDuration from the subframe indicated by epochTime in ntn-Config in SatSwitchWithReSync;

1>
inform lower layers when UL synchronisation is obtained.

Editor's Note: FFS whether in the soft-switch scenario a UE can obtain DL synchronization from the target satellite without losing UL synchronization to the source satellite.


Issue 2: about the network impact of satellite switch time
During the satellite switch procedure, the network needs to know when to start providing service to UE in the target satellite and when to stop providing service in the source satellite.
On the target satellite side, the network operation is very clear. Due to the fact that UE initiates uplink transmission after acquiring the downlink synchronization on the target satellite, the network will start providing service to UE when it detects UE access to the target satellite.
Observation 2: During the satellite switch procedure, the network operation on the target satellite side is clear for both hard and soft satellite switch. 
On source satellite side, the network operation to stop providing service to UE may be different for hard and soft satellite switch depending on the exact satellite switch time (i.e. the time when UE break the connection with source satellite). 
· For hard satellite switch, the satellite switch time is the exact time based on network configuration (i.e. T-service). 
During the hard satellite switch, UE breaks the source satellite’s connection at T-service, and network stops providing service to all UEs at T-service. The network operation is very clear. 
Observation 3: During hard satellite switch procedure, the network operation on the source satellite side is clear which is to stop all services at T-service.  
· For soft satellite switch, the exact satellite switch time is up to UE implementation, so it may vary within the satellite switch duration, i.e. [T-ServiceStart of target satellite, T-Service of source satellite].
From network side, we assume network implementation can handle it via the following options:
· Option 1: network stops providing service via source link to UE at the start point of the switch duration. 
Advantage:

1) There is data loss over the source satellite’s link during the satellite switch procedure. 
2) The time for UE to access the target satellite is randomized, which will not cause access congestion in the target satellites. 
Disadvantage:

1) Data interruption time is not shorter than hard satellite switch.
· Option 2: network stops providing service via source link to UE at the end point of the switch duration. 

Advantage: 
1) Data interruption time is shorter than hard satellite switch. 

Disadvantage:

1) There may be data loss if UE leaves the source satellite earlier.
NOTE: The problem is not serious since network can retransmit the data via the target satellite after the satellite switch procedure.  
· Option 3: network stops providing service via source link to UE in the middle of the switch duration. 

Based on no feedback received from UE side via source satellite’s link, network can detect UE’s switching and stop providing service via the source satellite’s link. The situation is similar as the intra-gNB CHO handover, in which network doesnot know the exact time when UE leaves the source cell. 
Advantage: 
1) Data interruption time is shorter than hard satellite switch. 

2) Less data loss via source satellite’s link compared with Option 2. 

Disadvantage:

1) There may be some data loss via source satellite’s link. 
Based on the analysis, it’s observed the network implementation can handle it without knowing the exact UE switch time, and it can also work well.
Observation 4: During soft satellite switch procedure, it can work well based on network implementation to handle when to stop providing the service to UE via source satellite’s link. 
Based on the observation 2,3,4, it’s no serious problem if network is not aware of the exact satellite switch time for the soft satellite switch. 

Proposal 2: It’s up to network implementation to stop providing service to UE via source satellite’s link during the soft satellite switch. 
Issue 3: Measurement related issues
Issue 3-1: about the target satellite’s SSB provision

Followings are the RAN2 progress related to the target satellite’s SSB information:
· At least for soft switch, there needs to be an “SSB time offset” between the source and the target satellite. “SSB time offset” is specified as a new IE, with the same format as “offset” in SSB-MTC4

· Target satellite SSB tracking is handled autonomously by the UE based on the provided SSB time offset. 
· The “SSB time offset” between the source and the target satellite should be provided in SIB19

· No agreement on SSB index provision. 
During ssb-TimeOffset related discussion in last meeting, ssb-TimeOffset is to provide SSB Tx timing difference for the same SSB index between source and target satellite in network side, and it doesnot include the propagation delay over service link. But such meaning of ssb-TimeOffset is captured in the spec. Therefore, we should make it as the common understanding and capture it in the field description of ssb-TimeOffset in RRC spec. 
Proposal 3: Clarify in RRC spec that the ssb-TimeOffset is to provide the Tx timing difference of the same SSB index between source and target satellite in network side. 
During the soft satellite switching period, from UE side, within the SMTC window UE may receive both SSBs from source satellite and target satellite as shown in Figure-1. In this case, If no target SSB index information is provided, UE cannot identify whether the DL sync with target satellite is acquired or not.  

Proposal 4: NW should provide the SSB index of target satellite for UE to acquire the DL sync in target satellite.
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Figure-1. SSBs of source and target satellite in same STM window
Issue 3-2: about the UE operation on SMTC adjustment

Following RAN2 agreement indicates the SSB tracking of target satellite is performed by UE autonomously. 
· Target satellite SSB tracking is handled autonomously by the UE based on the provided SSB time offset. 
But the UE operation on how to acquire the target satellite is unclear, and further clarification is needed. 
According to current mechanism, up to 4 SMTCs in parallel per carrier and for a given set of cells can be configured using propagation delay difference and ephemeris info between serving cell and neighbor cell. 
Therefore, for the measurement on PCell, network can configure multiple SMTCs to cover the measurement from source satellite and target satellite for the satellite switching procedure. Before the satellite switch, network can provide such configuration, and during the satellite switch procedure, UE can just follow the network configuration to apply the SMTC configuration for downlink sync detection and acquisition for target satellite. 

In order to use the existing SSB-MTC4List-r17 to configure the different SMTCs for source and target satellites with the same PCI, it should be clarified that the same PCI can be carried in more than one SMTC in SSB-MTC4List-r17. 
Proposal 5: Clarify that same PCI can be carried in more than one SMTC in SSB-MTC4List-r17 of the serving MO, to cover the measurement on source and target satellites with the same PCI.
Proposal 6: Introduce the association between the satellite and SMTC in SSB-MTC4List-r17 would be helpful for UE to perform measurement on different satellites.
Proposal 7: When the satellite switch procedure is initiated, UE uses the SMTC associated with the target satellite to perform the DL sync detection for target satellite. 
For SMTC configuration in connected state, in legacy network provides the SMTC configuration based on serving cell’s timing. In the satellite switch procedure, due to the different propagation delays between the target satellite and the source satellite after satellite switching, the service cell’s timing has also changed. 
After the satellite switch procedure, in order to help network provide the STMC based on the serving cell’s timing via target satellite, UE should report the PDD between source and target satellite to network after satellite switch. 
Proposal 8: The PDD between source and target satellite shall be introduced, which is reported by UE upon the satellite switch procedure completion.
Issue 3-3: about the RRM measurement during satellite switch

In satellite switch procedure, UE only keeps the connection towards to one satellite. Therefore, UE should perform the serving cell measurement based on source satellite before satellite switch and based on target satellite after the satellite switch. There is no case about the measurement triggered by the measurements of both source and target satellite.  

Proposal 9: Confirm there is no measurement report initiated based on the measurements of both source and target satellite of the same serving cell. 
Proposal 10: Confirm there is no measurement report initiated based on the measurement of target satellite before satellite switch procedure. 
During the satellite switch procedure, it is possible that the serving cell’s quality may temporarily deteriorate. In this temporary situation, UE does not need to initiate the neighbor measurement and trigger report if UE is not at the edge of the serving cell. 
Proposal 11: Clarify that UE doesnot initiate the neighbor measurement during the satellite switch procedure if UE is not at the cell edge. 
3 Conclusion
According to the analysis in section 2, we propose that:
< Issue 1: about the condition for UE to initiate the satellite switch procedure >

Proposal 1: Clarify in spec the condition for RRC_CONNECTED UE to initiate satellite switch procedure as follows:

·  UE in RRC_CONNECTED only initiates the satellite switch with re-synchronization procedure when AS security has been activated, and SRB2 with at least one DRB or multicast MRB are setup. 
< Issue 2: about the network impact of satellite switch time >
Proposal 2: It’s up to network implementation to stop providing service to UE via source satellite’s link during the soft satellite switch. 
< Issue 3: Measurement related issues >

< Issue 3-1: about the target satellite’s SSB provision>
Proposal 3: Clarify in RRC spec that the ssb-TimeOffset is to provide the Tx timing difference of the same SSB index between source and target satellite in network side. 
Proposal 4: NW should provide the SSB index of target satellite for UE to acquire the DL sync in target satellite.
< Issue 3-2: about the UE operation on SMTC adjustment>

Proposal 5: Clarify that same PCI can be carried in more than one SMTC in SSB-MTC4List-r17 of the serving MO, to cover the measurement on source and target satellites with the same PCI.
Proposal 6: Introduce the association between the satellite and SMTC in SSB-MTC4List-r17 would be helpful for UE to perform measurement on different satellites.
Proposal 7: When the satellite switch procedure is initiated, UE uses the SMTC associated with the target satellite to perform the DL sync detection for target satellite. 
Proposal 8: The PDD between source and target satellite shall be introduced, which is reported by UE upon the satellite switch procedure completion.
< Issue 3-3: about the RRM measurement during satellite switch>

Proposal 9: Confirm there is no measurement report initiated based on the measurements of both source and target satellite of the same serving cell. 
Proposal 10: Confirm there is no measurement report initiated based on the measurement of target satellite before satellite switch procedure. 
Proposal 11: Clarify that UE doesnot initiate the neighbor measurement during the satellite switch procedure if UE is not at the cell edge. 
