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1. Introduction
RAN2 has sent an LS to RAN4 and RAN1 about the RAN2’s agreement for satellite switch with re-sync [1]. In the LS, RAN2 asked RAN4 to provide the feedback on the feasibility of UE to perform the downlink synchronization with the target satellite and keep the communication with the source satellite of the same serving cell simultaneously in soft satellite switch. We copy the action as below:
	To RAN4
ACTION: RAN2 respectfully asks RAN4 to take the above agreements into account for their further corresponding work, and provide feedback on the feasibility of UE to perform the downlink synchronization with the target satellite and keep the communication with the source satellite of the same serving cell simultaneously in soft satellite switch



In addition,  RAN4 discussed the RRM core requirements for NR NTN enhancement in RAN4#109 meeting, the WF has been approved in [2].
In this contribution, we give our analysis on the feasibility issue for soft switch case, and further discuss the RRM impact of NR NTN mobility enhancement based on the progress of RAN2 and RAN4.
2. [bookmark: _Hlk70326378][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion on LS from RAN2
As stated in the LS[1], RAN2 agreed to support unchanged PCI satellite switch in the same SSB frequency and same gNB (no key change),  without L3 mobility involvement, and call this feature “satellite switch with re-sync”. RAN2 also agreed to support hard satellite switch (non-overlapping satellite coverage at switching time) and soft satellite switch (overlapping satellite coverage at switching time). For soft satellite switch, RAN2 asked the feasibility issue about whether UE supporting soft satellite switch can start synchronizing to the DL of the SpCell served by the target satellite while still being connected to the source satellite.
· For soft satellite switch, RAN2 would like to get feedback on the feasibility that a UE supporting soft satellite switch can start synchronizing to the DL of the SpCell served by the target satellite while still being connected to the source satellite (without any simultaneous communication with the source and the target satellites).
As we known, UE will perform the target satellite sync through SSB detection or correlation. At the UE side, when UE doing the SSB detection or correlation of the target cell, the SSB from the source cell will be the interference, since the PCI of source cell and the PCI of the target cell is same. Besides, if there are any data or other RSs from the source cell, on one hand, UE may don’t have the capability to receive such data and RSs, since the doppler of the source cell and the target cell may be quite different. On the other hand, the data and RSs will be the interference, which will impact the target cell sync.
Considering the analysis above, we think the prerequisite of the feasibility is that network could guarantee the UE will not receive or measure the DL from the target cell and the source cell simultaneously. 
Observation 1: The prerequisite of the feasibility is that network to guarantee the UE will not receive or measure the DL from the target cell and the source cell simultaneously.
This prerequisite could already be fulfilled under current design. From the UE side,
For a certain DL transmission from source satellite, the receiving time：
· ReceviveTime_source = TramsmitTime_source + ProDelayFeederlink_source + ProDelayservicelink_source. 
For a certain DL transmission from target satellite, the receiving time：
· ReceviveTime_target = TransmitTime_target + ProDelayFeederlink_target + ProDelayservicelink_target. 
The prerequisite can be guaranteed when ReceviveTime_source ≠ ReceviveTime_target, i.e. RT_source - RT_target = (TramsmitTime_source - TransmitTime_target) + (ProDelayFeederlink_source - ProDelayFeederlink_target) + (ProDelayservicelink_source - ProDelayservicelink_target) ≠ 0. 
· The (ProDelayFeederlink_source - ProDelayFeederlink_target) can be known by network by ephemeris information from source cell and target cell. 
· The  (ProDelayservicelink_source - ProDelayservicelink_target) can be known by network through UE assistance information of propagationDelayDifference. 
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· The (TramsmitTime_source - TransmitTime_target) can be controlled by network scheduling. 
As a consequence, network could guarantee the UE will not receive or measure the DL from the target cell and the source cell simultaneously by network scheduling.
In addition, this prerequisite has been also pointed by RAN2 in the LS. i.e. without any simultaneous communication with the source and the target satellites.
Observation 2: The prerequisite can already be fulfilled based on network scheduling, which has been also pointed by RAN2 in the LS. 
With the above condition, another issue is whether UE could perform the target satellite sync while still being connected to the source satellite. In our view, it is a basic functionality that UE could measure another cell while still being connected to the source cell, similar as inter-frequency with MG measurement in TN or NTN network.
In summary, it is feasible for the UE supporting soft satellite switch to start synchronizing to the DL of the SpCell served by the target satellite while still being connected to the source satellite (without any simultaneous reception or measurement from the source and the target satellites)
Proposal 1: It is feasible for the UE supporting soft satellite switch to start synchronizing to the DL of the SpCell served by the target satellite while still being connected to the source satellite (without any simultaneous reception or measurement from the source and the target satellites)

3. Mobility enhancements
Issue 4-1: TN to NTN cell reselection
Agreement:
· Define requirements on TN to NTN cell reselection.
· Define core requirements for GNSS ON and GNSS switch OFF to ON, no test case.
· No specific value for the GNSS time to first fix to be define for the case of GNSS switch OFF to ON.
For TN to NTN cell re-selection, since the operating bands of NTN and the operating bands of TN are different, only inter-frequency cell re-selection scenario shall be considered. 
UE may need to detect/evaluate/measure both TN frequency and NTN frequency, the requirement should consider TN and NTN frequency simultaneously. The requirement should be update to:
Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN + Kcarrier_HST * Tdetect/measure/evaluate,NR_Inter_HST +  if the UE does not support the feature for enhanced RRM requirements defined in TS38.306 [14]  or if the enhancedMeasurementLEO-r17 is not enabled, or within Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN + Kcarrier_HST * Tdetect/measure/evaluate,NR_Inter_HST +  if the UE supports the feature for enhanced RRM requirements defined in TS38.306 [14]  and the enhancedMeasurementLEO-r17 is enabled.
· The parameter Kcarrier_TN is the number of NR TN inter-frequency carriers indicated by the serving cell.
· The parameter Kcarrier_NTN is the number of NR NTN inter-frequency carriers indicated by the serving cell.
· Tdetect/measure/evaluate,NR_Inter_TN is the NR TN inter-frequency cell re-selection requirement defined in Table 4.2.2.4-1 in TS38.133
· Tdetect/measure/evaluate,NR_Inter_NTN is the NR NTN inter-frequency cell re-selection requirement defined in Table 4.2C.2.4-1 in TS38.133
Besides, for the case of GNSS switch OFF to ON,  an additional delay can be excepted.
Proposal 2: For TN to NTN cell re-selection, only TN-to-NTN inter-frequency cell re-selection scenario shall be considered.
Proposal 3: Introduce the TN-to-NTN inter-frequency cell re-selection requirement as follows, which consider TN and NTN frequency simultaneously:
Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN + Kcarrier_HST * Tdetect/measure/evaluate,NR_Inter_HST +  if the UE does not support the feature for enhanced RRM requirements defined in TS38.306 [14]  or if the enhancedMeasurementLEO-r17 is not enabled, or within Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN + Kcarrier_HST * Tdetect/measure/evaluate,NR_Inter_HST +  if the UE supports the feature for enhanced RRM requirements defined in TS38.306 [14]  and the enhancedMeasurementLEO-r17 is enabled.
· The parameter Kcarrier_TN is the number of NR TN inter-frequency carriers indicated by the serving cell.
· The parameter Kcarrier_NTN is the number of NR NTN inter-frequency carriers indicated by the serving cell.
· Tdetect/measure/evaluate,NR_Inter_TN is the NR TN inter-frequency cell re-selection requirement defined in Table 4.2.2.4-1 in TS38.133
· Tdetect/measure/evaluate,NR_Inter_NTN is the NR NTN inter-frequency cell re-selection requirement defined in Table 4.2C.2.4-1 in TS38.133
Proposal 4: For the case of GNSS switch OFF to ON,  an additional delay can be excepted.

Issue 4-2: NTN to TN cell reselection
Agreement:
· Define requirements on NTN to TN cell reselection.
For NTN to TN cell re-selection, since the operating bands of NTN and the operating bands of TN are different, intra-frequency cell re-selection scenario shall be precluded. According to the agreements from RAN2#123 that both of the NR TN coverage and EUTRA TN coverage can be provided [3], RAN4 should define NTN-to-TN cell re-selection requirements for both inter-frequency and inter-RAT scenario. The requirement should also cover TN neighbour cell skipping scheme as agreed in RAN4#108bis [4]
Proposal 5: Define NTN-to-TN cell re-selection requirements for both inter-frequency and inter-RAT. The requirement should also cover TN neighbour cell skipping scheme.
The inter-frequency NTN-to-TN cell re-selection requirement is similar as inter-frequency TN-to-NTN cell re-selection requirement, which should consider NR TN and NTN frequency simultaneously. 
The NTN-to-NTN cell reselection requirement can be the starting point, with the following updates:
Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN + Kcarrier_HST * Tdetect/measure/evaluate,NR_Inter_HST +  if the UE does not support the feature for enhanced RRM requirements defined in TS38.306 [14]  or if the enhancedMeasurementLEO-r17 is not enabled, or within Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN + Kcarrier_HST * Tdetect/measure/evaluate,NR_Inter_HST +  if the UE supports the feature for enhanced RRM requirements defined in TS38.306 [14]  and the enhancedMeasurementLEO-r17 is enabled.
· The parameter Kcarrier_TN is the number of NR TN inter-frequency carriers indicated by the serving cell, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· The parameter Kcarrier_HST is the number of NR TN inter-frequency carriers which are configured with highSpeedMeasInterFreq-r17 indicated by the serving cell, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· The parameter Kcarrier_NTN is the number of NR NTN inter-frequency carriers indicated by the serving cell.
· Tdetect/measure/evaluate,NR_Inter_TN is the NR TN inter-frequency cell re-selection requirement defined in Table 4.2.2.4-1 in TS38.133
· Tdetect/measure/evaluate,NR_Inter_NTN is the NR NTN inter-frequency cell re-selection requirement defined in Table 4.2C.2.4-1 in TS38.133
Proposal 6: Introduce the NTN-to-TN inter-frequency cell re-selection requirement as follows, which consider TN and NTN frequency simultaneously, and TN neighbour cell skipping scheme: 
Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN + Kcarrier_HST * Tdetect/measure/evaluate,NR_Inter_HST +  if the UE does not support the feature for enhanced RRM requirements defined in TS38.306 [14]  or if the enhancedMeasurementLEO-r17 is not enabled, or within Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN + Kcarrier_HST * Tdetect/measure/evaluate,NR_Inter_HST +  if the UE supports the feature for enhanced RRM requirements defined in TS38.306 [14]  and the enhancedMeasurementLEO-r17 is enabled.
· The parameter Kcarrier_TN is the number of NR TN inter-frequency carriers indicated by the serving cell, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· The parameter Kcarrier_HST is the number of NR TN inter-frequency carriers which are configured with highSpeedMeasInterFreq-r17 indicated by the serving cell, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· The parameter Kcarrier_NTN is the number of NR NTN inter-frequency carriers indicated by the serving cell.
· Tdetect/measure/evaluate,NR_Inter_TN is the NR TN inter-frequency cell re-selection requirement defined in Table 4.2.2.4-1 in TS38.133
· Tdetect/measure/evaluate,NR_Inter_NTN is the NR NTN inter-frequency cell re-selection requirement defined in Table 4.2C.2.4-1 in TS38.133
The inter-RAT NTN-to-TN cell re-selection requirement is similar as inter-RAT TN cell re-selection requirement, which should consider TN neighbour cell skipping scheme. 
[bookmark: _GoBack]The inter-RAT TN cell reselection requirement can be the starting point, with the following updates:
NEUTRA_carrier_HST * Tdetect/measure/evaluate,EUTRAN_HST + NEUTRA_carrier  * Tdetect/measure/evaluate,EUTRAN.
· The parameter NEUTRA_carrier_HST is the total number of configured E-UTRA carriers indicated to meet high speed requirements in the neighbour frequency list, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· The parameter NEUTRA_carrier is the number of EUTRA TN carriers indicated by the serving cell, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
Proposal 7: Introduce the NTN-to-TN inter-RAT cell re-selection requirement as follows, which consider the TN neighbour cell skipping scheme: 
NEUTRA_carrier_HST * Tdetect/measure/evaluate,EUTRAN_HST + NEUTRA_carrier  * Tdetect/measure/evaluate,EUTRAN
· The parameter NEUTRA_carrier_HST is the total number of configured E-UTRA carriers indicated to meet high speed requirements in the neighbour frequency list, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· The parameter NEUTRA_carrier is the number of EUTRA TN carriers indicated by the serving cell, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.

Issue 4-3: NTN to NTN time-based measurement initiation for cell reselection in earth-moving cell
FFS:
· For time-based NTN to NTN cell reselection in earth-moving cell, the existing RRC idle/inactive mode requirements (4.2C and 5.1C) referring to ‘t-service’ can be reused. 
· FFS any necessary modification can be considered for the earth moving scenario. Opiton for consideration:
· Option A: remove the following condition:
· UE shall start measurement of the neigbhor cells indicated by the serving cell before t-Service is reached according to the requirements
· UE shall be able to detect, measure, and evaluate neighbour cells before the serving cell stops serving the area regardless of whether the distance condition based on serving cell reference location or the legacy Srxlev/Squal condition are met.
Based on RAN2’s agreement, the existing RRC signaling of ‘t-service’ with updated description will be reused to indicate the feeder-link switch timing in both NTN quasi-fixed and earth moving system. Following description has been captured in TS 38.331.
	t-Service
Indicates the time information on when a cell provided via NTN system is going to stop serving the area it is currently covering. This field applies for both service link switches in NTN quasi-Earth fixed system and feeder link switches for both NTN quasi-Earth fixed and Earth moving system. The field indicates a time in multiples of 10 ms after 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). The exact stop time is between the time indicated by the value of this field minus 1 and the time indicated by the value of this field. The reference point for t-Service is the uplink time synchronization reference point of the cell. This field is only present in an NTN cell.


For the NTN quasi-earth fixed scenario, when UE receives the t-service, UE could not differentiate the service link switch case and feeder link switch case. Therefore, the UE behavior of existing time-based cell re-selection and cell selection mechanism shall be reused.
For the NTN earth moving scenario, we are not sure whether the serving satellite will still provide the service after finishing the feeder link switch or not. In such case, we think there is no harm for UE to measure the neighbour cell before T-service, it is similar as the principle of RRC re-establishment.
In summary, for time-based cell re-selection in both quasi-earth fixed system and earth moving system, the existing RRC idle/inactive mode mechanism and requirements referring to ‘t-service’ should be reused.
Proposal 8: For time-based cell re-selection in earth moving cell NTN deployments, the existing time-based cell re-selection and cell selection mechanism could be reused.

Issue 4-4: NTN to NTN location-based measurement initiation for cell reselection in earth-moving cell
FFS:
· Introduce a margin for beam footprint location, [20] meters.

Issue 4-4: NTN to NTN location-based measurement initiation for cell reselection in earth-moving cell
[bookmark: _Hlk147849842]Agreement:
· For NTN to NTN location-based measurement initiation for cell reselection in earth-moving cell, RAN4 to define the requirements based on the existing requirements on ‘4.2C Cell Re-selection for NR UE for Satellite Access,’ and introduce a new definition of reference location and an extra location margin.
In earth moving cell, UE will derive the practical reference location through the ephemeris information and the initial reference location broadcast by network, the specific deriving method is up to UE. Anyway, UE deriving the practical reference will introduce additional error. We propose 20m as the extra location margin, similar as the satellite location error, which is also derived by UE based on ephemeris information.
Proposal 9: For NTN to NTN location-based measurement initiation for cell re-selection in earth-moving cell, an extra location margin 20m can be introduced due to UE deriving the practical reference location based on ephemeris information.

Issue 5-1: NTN to NTN RACH-less (C)HO
[bookmark: _Hlk151027226]FFS:
· Update TIU as below:
· TIU is the interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if no SSB mapping to pre-allocated grant has RSRP above the threshold while T304 is running.
· Define a new requirement for combination of RACH-less HO with time-based CHO. The requirement is the same as time-based CHO with the adoption of TIU defined for RACH-less HO.
RAN2 achieved following agreements about RACH-less satellite switch procedure.
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While TA Timer is running, the UL transmission resource is configured grant based PUSCH, dynamic grant based PUSCH, or SR on PUCCH. While TA timer is not running and there is no PUCCH SR, the UL transmission resource is PRACH. We think both cases should be considered in the interruption uncertainty.
TIU is the interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if TA timer is not running and there is no PUCCH SR.
Proposal 10: TIU is the interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if TA timer is not running and there is no PUCCH SR.
Proposal 11: For RACH-less CHO, the requirement for time-based CHO can be the baseline, with the adoption of TIU defined for RACH-less HO.

Issue 5-2: NTN to NTN Satellite switching without PCI change
FFS:
· For soft and hard satellite switch without PCI change, Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin (i.e. same formula as hard satellite switch). The following are the same for both cases:
· Tprocessing = 5 ms
· TIU, T∆ and Tmargin are same as existing requirements.
· Ending point of the interruption time: PRACH transmission for PRACH-based case and [first UL transmission excepting PRACH for without RACH performed solution, if supported by RAN2]
· For soft satellite switch without PCI change,
· Starting point of the interruption time:
· Option 1: between t-Start and t-Service, and the exact starting time is up to UE implementation.
· Option 2: t-Service
· Tsearch
· Decide whether to consider the following known condition.
· In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds before UE starts synchronizing with target satellite otherwise it is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for intra-frequency handover and Clause 9.3.4 for inter-frequency handover.
· If agreed to not consider known vs. unknown condition,
· Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite.
· Otherwise,
· Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite for unknown target cell [and the target cell Es/Iot ≥ -2 dB], and 0 for known target cell.
· For hard satellite switch without PCI change,
· Starting point of the interruption time: t-Service
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite.
· Note: The SMTC configuration details need to be updated as RAN2 makes further progress.

FFS:
· During satellite switching without PCI change, UE is not required to monitor other cells than the target cell:
· For soft satellite switch without PCI change, UE [may or shall] skip measurements on other cells than the target cell after t-Start
· For hard satellite switch without PCI change, UE is not required to monitor other cells than the target cell after t-Service

FFS:
· For hard satellite switch without PCI change, further discuss the following:
· A scheduling restriction applies to UEs that do not support parallelMeasurementWithoutRestriction-r17 starting at the UL slot to be transmitted at tue_ul_switch = t-service – common delay
· Include in the interruption time a component associated to the DL transmission gap

FFS:
· Decide whether/how to define requirements resulting from separate link switch time instances for UL and DL
· Option 1: Do not define separate starting points for UL and DL for hard switch
· Option 2: Define separate starting points for UL and DL for hard switch
There are four valid cases under NTN to NTN satellite switching without PCI change scenario.
Case 1: Hard satellite switch with re-sync (non-overlapping satellite coverage at switching time), RACH based
For Case 1, starting point of the interruption time for the switch is t-Service, ending point of the interruption time for the switch is PRACH transmission, Therefore, the interruption time is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite
· Tprocessing = [5] ms
· T∆, Tmargin and TIU are same as existing requirements
Case 2: Soft satellite switch with re-sync, RACH based 
For Case 2, following agreements achieved in RAN2#123bis
· 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
· Network provides the sync information of target satellite in advance to UE before satellite switching, via broadcast signalling
· 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)
Although the starting point of the interruption time could be between T-start and T-service, which up to UE implementation, from RAN4 worst case point of view, the starting point of the interruption time for the switch should still be t-Service, ending point of the interruption time for the switch is PRACH transmission.
However, due to some UE may finish the sync before T-service, we think the definition of known cell and unknown cell should be introduced. A cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds before T-service or before T-start, otherwise it is unknown.
Therefore, the interruption time is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite for unknown target cell [and the target cell Es/Iot ≥ -2 dB] for unknown target cell, 0ms for known target cell
· A cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds before T-service or before T-start, otherwise it is unknown.
· Tprocessing = [5] ms
· T∆, Tmargin and TIU are same as existing requirements
Case 3: Hard satellite switch, without performing RACH
Case 4: Soft satellite switch, without performing RACH
For Case 3 and 4, starting point of the interruption time for the switch is T-Service. The ending point of the interruption time should be same as for the RACH-less HO, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if TA timer is not running and there is no PUCCH SR.
For the other parts, same definition from hard/soft satellite switch with RACH can be reused.
Proposal 12: For the case of hard satellite switch RACH-based, the starting point of the interruption time for the switch should still be t-Service, ending point of the interruption time for the switch is PRACH transmission. The interruption time is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite
· Tprocessing = [5] ms
· T∆, Tmargin and TIU are same as existing requirements
Proposal 13: For the case of soft satellite switch RACH-based, the starting point of the interruption time for the switch should still be t-Service, ending point of the interruption time for the switch is PRACH transmission. The interruption time is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite for unknown target cell [and the target cell Es/Iot ≥ -2 dB] for unknown target cell, 0ms for known target cell
· A cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds before T-service or before T-start, otherwise it is unknown.
· Tprocessing = [5] ms
· T∆, Tmargin and TIU are same as existing requirements
Proposal 14: For the case of hard satellite switch without performing RACH, the starting point of the interruption time for the switch should still be t-Service, ending point of the interruption time for the switch is first UL transmission, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if TA timer is not running and there is no PUCCH SR. The interruption time is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite
· Tprocessing = [5] ms
· TIU is the interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if TA timer is not running and there is no PUCCH SR.
· T∆ and Tmargin  are same as existing requirements
Proposal 15: For the case of soft satellite switch without performing RACH, the starting point of the interruption time for the switch should still be t-Service, ending point of the interruption time for the switch is first UL transmission, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if TA timer is not running and there is no PUCCH SR. The interruption time is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite for unknown target cell [and the target cell Es/Iot ≥ -2 dB] for unknown target cell, 0ms for known target cell
· A cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds before T-service or before T-start, otherwise it is unknown.
· Tprocessing = [5] ms
· TIU is the interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if TA timer is not running and there is no PUCCH SR.
· T∆ and  Tmargin are same as existing requirements


Issue 5-3: NTN to NTN time and location-based trigger CHO enhancements
FFS:
· The existing conditional CHO requirement defined in 6.1C.2.2 (DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution, Tinterrupt = Tprocessing + TIU + T∆ + Tmargin) is reused with the following updates:
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time or location condition is fulfilled.
· Remove Tmeasure
· Add Tsearch to Tinterrupt, i.e. Tinterrupt = Tprocessing + TIU + T∆ + Tmargin+ Tsearch, and the definition of Tsearch is the same as the existing one defined in 6.1C.2.2.

Some further refinement should be introduced based on last meeting’s WF. The definition of Tsearch should be same as the existing one defined in 6.1.1.2.2
Proposal 16: For NTN to NTN only time and location-based trigger CHO enhancements, The existing conditional CHO requirement defined in 6.1C.2.2 (DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution, Tinterrupt = Tprocessing + TIU + T∆ + Tmargin) is reused with the following updates:
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time or location condition is fulfilled.
· Tmeasure is the measurements time. Tmeasure=0 if only condEventD1 or condEventT1 is configured.
· Add Tsearch to Tinterrupt, i.e. Tinterrupt = Tprocessing + TIU + T∆ + Tmargin+ Tsearch, and the definition of Tsearch is the same as the existing one defined in 6.1.1.2.2.
4. Conclusion
Based on the discussion above, the following observations and proposals are concluded. 
Observation 1: The prerequisite of the feasibility is that network to guarantee the UE will not receive or measure the DL from the target cell and the source cell simultaneously.
Observation 2: The prerequisite can already be fulfilled based on network scheduling, which has been also pointed by RAN2 in the LS. 
Proposal 1: It is feasible for the UE supporting soft satellite switch to start synchronizing to the DL of the SpCell served by the target satellite while still being connected to the source satellite (without any simultaneous reception or measurement from the source and the target satellites)
Proposal 2: For TN to NTN cell re-selection, only TN-to-NTN inter-frequency cell re-selection scenario shall be considered.
Proposal 3: Introduce the TN-to-NTN inter-frequency cell re-selection requirement as follows, which consider TN and NTN frequency simultaneously:
Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN + Kcarrier_HST * Tdetect/measure/evaluate,NR_Inter_HST +  if the UE does not support the feature for enhanced RRM requirements defined in TS38.306 [14]  or if the enhancedMeasurementLEO-r17 is not enabled, or within Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN + Kcarrier_HST * Tdetect/measure/evaluate,NR_Inter_HST +  if the UE supports the feature for enhanced RRM requirements defined in TS38.306 [14]  and the enhancedMeasurementLEO-r17 is enabled.
· The parameter Kcarrier_TN is the number of NR TN inter-frequency carriers indicated by the serving cell.
· The parameter Kcarrier_NTN is the number of NR NTN inter-frequency carriers indicated by the serving cell.
· Tdetect/measure/evaluate,NR_Inter_TN is the NR TN inter-frequency cell re-selection requirement defined in Table 4.2.2.4-1 in TS38.133
· Tdetect/measure/evaluate,NR_Inter_NTN is the NR NTN inter-frequency cell re-selection requirement defined in Table 4.2C.2.4-1 in TS38.133
Proposal 4: For the case of GNSS switch OFF to ON,  an additional delay can be excepted.
Proposal 5: Define NTN-to-TN cell re-selection requirements for both inter-frequency and inter-RAT. The requirement should also cover TN neighbour cell skipping scheme.
Proposal 6: Introduce the NTN-to-TN inter-frequency cell re-selection requirement as follows, which consider TN and NTN frequency simultaneously, and TN neighbour cell skipping scheme: 
Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN + Kcarrier_HST * Tdetect/measure/evaluate,NR_Inter_HST +  if the UE does not support the feature for enhanced RRM requirements defined in TS38.306 [14]  or if the enhancedMeasurementLEO-r17 is not enabled, or within Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN + Kcarrier_HST * Tdetect/measure/evaluate,NR_Inter_HST +  if the UE supports the feature for enhanced RRM requirements defined in TS38.306 [14]  and the enhancedMeasurementLEO-r17 is enabled.
· The parameter Kcarrier_TN is the number of NR TN inter-frequency carriers indicated by the serving cell, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· The parameter Kcarrier_HST is the number of NR TN inter-frequency carriers which are configured with highSpeedMeasInterFreq-r17 indicated by the serving cell, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· The parameter Kcarrier_NTN is the number of NR NTN inter-frequency carriers indicated by the serving cell.
· Tdetect/measure/evaluate,NR_Inter_TN is the NR TN inter-frequency cell re-selection requirement defined in Table 4.2.2.4-1 in TS38.133
· Tdetect/measure/evaluate,NR_Inter_NTN is the NR NTN inter-frequency cell re-selection requirement defined in Table 4.2C.2.4-1 in TS38.133
Proposal 7: Introduce the NTN-to-TN inter-RAT cell re-selection requirement as follows, which consider the TN neighbour cell skipping scheme: 
NEUTRA_carrier_HST * Tdetect/measure/evaluate,EUTRAN_HST + NEUTRA_carrier  * Tdetect/measure/evaluate,EUTRAN
· The parameter NEUTRA_carrier_HST is the total number of configured E-UTRA carriers indicated to meet high speed requirements in the neighbour frequency list, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· The parameter NEUTRA_carrier is the number of EUTRA TN carriers indicated by the serving cell, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
Proposal 8: For time-based cell re-selection in earth moving cell NTN deployments, the existing time-based cell re-selection and cell selection mechanism could be reused.
Proposal 9: For NTN to NTN location-based measurement initiation for cell re-selection in earth-moving cell, an extra location margin 20m can be introduced due to UE deriving the practical reference location based on ephemeris information.
Proposal 10: TIU is the interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if TA timer is not running and there is no PUCCH SR.
Proposal 11: For RACH-less CHO, the requirement for time-based CHO can be the baseline, with the adoption of TIU defined for RACH-less HO.
Proposal 12: For the case of hard satellite switch RACH-based, the starting point of the interruption time for the switch should still be t-Service, ending point of the interruption time for the switch is PRACH transmission. The interruption time is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite
· Tprocessing = [5] ms
· T∆, Tmargin and TIU are same as existing requirements
Proposal 13: For the case of soft satellite switch RACH-based, the starting point of the interruption time for the switch should still be t-Service, ending point of the interruption time for the switch is PRACH transmission. The interruption time is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite for unknown target cell [and the target cell Es/Iot ≥ -2 dB] for unknown target cell, 0ms for known target cell
· A cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds before T-service or before T-start, otherwise it is unknown.
· Tprocessing = [5] ms
· T∆, Tmargin and TIU are same as existing requirements
Proposal 14: For the case of hard satellite switch without performing RACH, the starting point of the interruption time for the switch should still be t-Service, ending point of the interruption time for the switch is first UL transmission, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if TA timer is not running and there is no PUCCH SR. The interruption time is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite
· Tprocessing = [5] ms
· TIU is the interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if TA timer is not running and there is no PUCCH SR.
· T∆ and Tmargin  are same as existing requirements
Proposal 15: For the case of soft satellite switch without performing RACH, the starting point of the interruption time for the switch should still be t-Service, ending point of the interruption time for the switch is first UL transmission, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if TA timer is not running and there is no PUCCH SR. The interruption time is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite for unknown target cell [and the target cell Es/Iot ≥ -2 dB] for unknown target cell, 0ms for known target cell
· A cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds before T-service or before T-start, otherwise it is unknown.
· Tprocessing = [5] ms
· TIU is the interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if TA timer is not running and there is no PUCCH SR.
· T∆ and  Tmargin are same as existing requirements
Proposal 16: For NTN to NTN only time and location-based trigger CHO enhancements, The existing conditional CHO requirement defined in 6.1C.2.2 (DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution, Tinterrupt = Tprocessing + TIU + T∆ + Tmargin) is reused with the following updates:
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time or location condition is fulfilled.
· Tmeasure is the measurements time. Tmeasure=0 if only condEventD1 or condEventT1 is configured.
· Add Tsearch to Tinterrupt, i.e. Tinterrupt = Tprocessing + TIU + T∆ + Tmargin+ Tsearch, and the definition of Tsearch is the same as the existing one defined in 6.1.1.2.2.
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