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1. Introduction
In RAN4#109 meeting, the RRM impacts of eNTN have been discussed and WF was agreed in [1], and there are still some open issues to be addressed. In addition, RAN4 received one LS [2] from RAN2 for checking the feasibility of following:
	· 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).
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 this contribution we continue the discussion about the enhancement on mobility and service continuity for the eNTN UE as well as the reply LS to RAN2.
2. Idle/Inactive mode mobility enhancements
For TN-to-NTN and NTN-to-TN cell reselection, the agreements from last meeting were:
	[bookmark: _Hlk147849822]Issue 4-1: TN to NTN cell reselection
[bookmark: _Hlk151026905]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.

Issue 4-2: NTN to TN cell reselection
Agreement:
· Define requirements on NTN to TN cell reselection.


And in last RAN2 #124 meeting, some conclusions were made as,
	SIB19 can be broadcast in TN cells to provide satellite assistance information for NTN neighbour cells (e.g., ntn-NeighCellConfigList-r17).
SIB19 is not an essential SIB when provided in a TN serving cell, i.e. UE does not consider the TN serving cell as barred if it fails to acquire SIB19 (no spec impact)
UE in RRC_IDLE/INACTIVE is not required to ensure having a valid version of SIB19 in a TN serving cell (no spec impact)
The exact time of reacquiring SIB19 for UE in RRC_IDLE/INACTIVE in TN serving cell is up to UE implementation (no spec impact)


RAN2 has concluded that SIB19 can be broadcast in TN cells to provide satellite assistance information for NTN neighbour cells (e.g., ntn-NeighCellConfigList-r17).
TN to NTN cell reselection
If TN-NTN mobility requirement is to be specified, we think we can use NTN-NTN cell reselection requirement as baseline since the target cell is NTN cell; however, the timer based or location based reselection may not work when the serving cell is a TN cell. Moreover, we are not assuming TN and NTN are on the same carrier, and therefore only inter-frequency NTN cell reselection is needed. Like in the following IDLE mode requirement for inter-frequency NTN cell reselection, the distance based and service timer based measurement triggering mechanism shall not be considered.
	If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh if distanceThresh is configured and UE has location information, then the UE shall search for inter-frequency layers of higher priority at least every Thigher_priority_search where Thigher_priority_search is described in clause 4.2C.2.9.
If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, or the distance between UE and serving cell reference location is larger than distanceThresh if distanceThresh is configured and UE has location information, then the UE shall search for and measure inter-frequency layers of higher, equal or lower priority in preparation for possible reselection. The requirements apply provided that the distance exceeds the distanceThresh by a margin of 50 m. In this scenario, the minimum rate at which the UE is required to search for and measure higher priority layers shall be the same as that defined below in this clause.
-------Unrelated section omitted-------
If t-Service is broadcasted and applicable, 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, and when to start detection, measurement, and evaluation is up to UE implementation. 


Thus, if TN-NTN cell reselection requirement is to be specified, only SS-RSRP/SS-RSRQ based inter-frequency cell reselection case shall be considered and the Rel-17 NTN-NTN inter-frequency cell reselection requirement can be used as baseline.
Proposal 1: only SS-RSRP/SS-RSRQ based inter-frequency cell reselection case shall be specified, and distance based and service timer based measurement triggering shall not be considered.
If GNSS is ON, there is no additional time for GNSS time to first fix, and the Rel-17 NTN-NTN inter-frequency cell reselection requirement can be reused for TN-NTN inter-frequency cell reselection requirement, except the distance based and service timer based measurement triggering part.
If GNSS is switched from OFF to ON, RAN4 agreed that no specific value for the GNSS time to first fix to be define for the case of GNSS switch OFF to ON; and therefore we propose to introduce a time component of TGNSS_OFF_to_ON to represent GNSS time to first fix during TN-NTN inter-frequency cell reselection. This component can be added as a note in table of Tdetect,NR_Inter, and no numeric value needs to be specified for this TGNSS_OFF_to_ON.
Proposal 2: 
For GNSS ON case, 
· the Rel-17 NTN-NTN inter-frequency cell reselection requirement can be reused for TN-NTN inter-frequency cell re-selection requirement, except the distance based and service timer based measurement triggering part. 
For switch OFF to ON case, 
· to introduce a time component of TGNSS_OFF_to_ON to represent GNSS time to first fix in Tdetect,NR_Inter; and this component can be added as a note in table of Tdetect,NR_Inter, and no numeric value needs to be specified for this TGNSS_OFF_to_ON.
· Tdetect,NR_Inter for switch OFF to ON case is equivalent to: “TGNSS_OFF_to_ON” plus “the TN-NTN inter-frequency cell detection time for GNSS ON case”. 
As discussed in last meeting, when UE is camping on a TN serving cell but may perform cell re-selection to a target NTN cell, the difficult part is when UE shall turn on its GNSS modem for its GNSS location acquisition. Since UE is in TN coverage and serving cell is good enough, it will waste power if UE keeps the GNSS modem ON. However, if UE turns on the GNSS when mobility/re-selection is triggered, then it will need much long time for UE to acquire the GNSS location (first time to fix for GNSS localization is time consuming).
Observation: Since the first fix of GNSS will take very long time during the cell reselection procedure, it’s not necessary to always consider UE turns on the GNSS only when the neighbor NTN measurement is triggered.
In our view, there might be some scenarios can help UE to determine GNSS is ON or OFF. For instance, if UE is configured by network to have at least one high priority carrier which contains NTN cells, UE shall keep GNSS ON during such high priority frequency layer measurement even the UE is in TN coverage. As shown in the following spec text of NTN requirement, even though UE is not required to continuously measure the detected cell to evaluate the ongoing possibility of reselection after determining that reselection has not occurred, the high priority carrier searching is always there after configured in SIB4.
	If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh if distanceThresh is configured and UE has location information, then the UE shall search for inter-frequency layers of higher priority at least every Thigher_priority_search where Thigher_priority_search is described in clause 4.2C.2.9.
-------Unrelated section omitted-------
When higher priority cells are found by the higher priority search, they shall be measured at least every Tmeasure,NR_Inter. If, after detecting a cell in a higher priority search, it is determined that reselection has not occurred then the UE is not required to continuously measure the detected cell to evaluate the ongoing possibility of reselection. However, the minimum measurement filtering requirements specified later in this clause shall still be met by the UE before it makes any determination that it may stop measuring the cell. If the UE detects on a NR carrier a cell whose physical identity is indicated as not allowed for that carrier in the measurement control system information of the serving cell, the UE is not required to perform measurements on that cell.


Another way is to consider a new threshold or threshold offset of RSRP/RSRQ for UE to trigger GNSS, and this offset can be applied on top of the serving cell RSRP/RSRQ threshold (legacy threshold for triggering neighbor cell measurement). For example, in the following figure, X1 is the legacy threshold to trigger neighbor cell measurement, and even higher than X1, there is a threshold X2 to trigger UE turning on the GNSS (X2>X1). That can makes UE turn on the GNSS before it reaches X1 for neighbor NTN cell measurement.
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Figure 1. extra threshold to help turning on the GNSS at UE
However, regarding the limited time left for this WI, we think at least we can assume the GNSS is always ON when higher priority search is configured. 
Proposal 3: if UE is configured by network to have at least one high priority carrier which contains NTN cells, UE shall keep GNSS ON during such high priority frequency layer measurement even the UE is in TN coverage.
NTN to TN cell reselection
Regarding the issue in WF R4-2317374 (RAN4#108bis) about “FFS on how to enhance NTN-to-TN cell reselection in case of mismatch between practical TN cell coverage and TN cell coverage information provided by serving cell”, our view is to add a margin on top of the TN cell coverage information provided by serving cell, that means, only if UE is outside the TN area of {margin + coverage radius}, UE can skip the TN neighbour cells measurement in this area, and with such margin we don’t think UE will miss any detectable TN neighbor cells, like in the following figure. In our view, like Rel-17 GNSS positioning margin, 50m could be one of the value to start with.
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Figure 2. the margin for TN cell coverage information
Proposal 4: to address the issue of “mismatch between practical TN cell coverage and TN cell coverage information provided by serving cell”, RAN4 can introduce an additional positive margin adding on top of the TN coverage radius provided by serving cell, e.g., 50 meters, to determine if UE is outside TN coverage or not.
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.


And in previous RAN2 meeting, some conclusions have been made below,
	RAN2#123
Agreements:
1.	The change of serving cell reference location for earth moving cell should neither result in system information change notifications nor in a modification of valueTag in SIB1.
2.	In the Earth-moving case, it is up to UE implementation to maintain a valid serving cell reference location in RRC_IDLE and RRC_Inactive mode. This will be stated in the specification as a Note (or update of an existing Note)
3.	For the IE used to trigger UE neighbor cell measurements prior to feeder link switch, re-use the same field of t-Service-17 as in Rel-17 and update the field description accordingly.

RAN2#122
Agreements:
1.	An RRC_IDLE/RRC_INACTIVE UE is not required to perform neighbour cell measurements for cell reselection for a TN frequency in the area, if configured, where there is no coverage of that frequency, regardless of the frequency priority
2.	Reuse the same format of Rel-17 referenceLocation and distanceThresh for signaling the TN coverage area centre and radius
3.	TN coverage info is NOT included in SIB19. FFS if we use an existing SIB or a new one
4.	We don’t introduce RRC dedicated signalling to provide more accurate TN coverage information

1.	Re-use epochTime-r17 in ntn-Config IE to provide the time reference for an Earth moving cell reference location.
2.	Re-use t-Service-r17 format for the IE used to trigger UE neighbour cell measurements prior to cell replacement due to feeder link switch. FFS whether we reuse exactly the same IE name as in R17 (updating the field description) or a new one
Agreements:
1.	Location-based cell reselection criteria are not pursued in R18.

RAN2#121-bis-e
Agreements:
1.	RAN2 understands that for earth-moving cell reselection, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (FFS whether a new epochTime IE is needed). RAN2 understanding is that both PVT and orbital parameters can be used for this. FFS if additional information is needed to allow more accurate measurements.
2.	For earth-moving cell, new IE is introduced to indicate the reference location of serving cell.
3.	For cell (re)selection in earth-moving system, a distance threshold is introduced for location-based measurement initiation, which reuses distanceThresh in SIB19.
4.	For cell (re)selection in earth-moving system, time-based measurement initiation is used to address feeder-link switch case.
5.	Time-based cell reselection criteria is not pursued in R18.


According to the RAN2 agreements, for time-based cell reselection in earth moving cell NTN deployments, time-based measurement initiation is used to address feeder-link switch case and no new time-based cell reselection criteria will be introduced for R18, thus, in our view, at least, we can agree with RAN understanding that:
· the RRM requirement for timing based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point for NTN-NTN cell reselection requirement with earth moving cell 
Proposal 5: For NTN to NTN time-based measurement initiation for cell reselection in earth-moving cell, the existing RRC idle/inactive mode requirements referring to ‘t-service’ are reused.
3. HO for satellite switching without PCI change
LS on RAN2 agreements for satellite switch with resync
RAN4 received one LS[2] from RAN2 for satellite switch with resync, and the key question RAN2 asked is for 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. RAN2 also provided the following key information from the last meeting discussion:
	Agreements:
1. introduce one new target satellite configuration, e.g. ntn-TargetSatConfig, (but we can keep the current terminology in the running CR) and provide the NTN-config of the target satellite in it for the specific signaling format about the target satellite information in SIB19. The presence of this information indicates that satellite switch without PCI change is supported
2. 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
3. Target satellite SSB tracking is handled autonomously by the UE based on the provided SSB time offset 
4. The “SSB time offset” between the source and the target satellite should be provided in SIB19
5. For soft satellite switch, as a baseline, it is sufficient to provide the “SSB time offset” of the target satellite in SIB19. (Can come back in the next meeting to check whether a different SSB index for the target satellite can optionally be provided)
6. Support implicit indication to inform UE it is hard switch or soft switch case
7. T-start is explicitly signalled (same format as T-service). If T-start is not signalled, T-start is assumed to be equal to T-service, i.e. hard switch.
8. For R18 we clarify that signalling a T-start higher than T-service is an unforeseen case and the UE will assume T-start = T-service
9. 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).
10. 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.
11. Both CHO and satellite switching procedure can be configured simultaneously. 
12. When both CHO (for a different cell) and satellite switching procedure are configured, the UE initiates the procedure that triggers earlier; it's up to UE implementation if both procedures are triggered at the same time.
13. This feature will be called “satellite switch with re-sync”
14. RACH-less satellite switch procedure as shown in Figure-1 in R2-2313877 is endorsed as the baseline to be further checked in the CR review 
15. Check in the RRC CR review whether the UE may need to acquire SIB19 immediately when UE acquires DL sync of target satellite
16. We don’t introduce specific changes (e.g. no new indication in SIB19) to a support RACH-based procedure but this does not exclude the possibility for the NW to trigger PDCCH order
17. A UE supporting TA reporting may trigger TAR and TAR-SR based on network configuration (as in legacy)
It is up to NW implementation to signal T-start, e.g. if it does not want to receive UL TX before T-service (if there is no T-start, UL TX cannot happen before T-service)
	

	Agreements on related capabilities:
1.	For UE capability(es that indicate the support of satellite switch with re-sync (i.e., unchanged PCI) with hard and soft switch, two UE capabilities are introduced with some dependencies: hardSatelliteSwitch-Resync-NTN-r18 can be supported by itself; but if UE supports softSatelliteSwitch-Resync-NTN-r18, UE is required to also indicate the support of hardSatelliteSwitch-Resync-NTN-r18.
2.	A UE only supporting hardSatelliteSwitch-Resync-NTN-r18 will be able to perform hard satellite switch with re-sync (after T-service) in a NW supporting soft satellite switch with re-sync (and then broadcasting “T-start” and "SSB time offset"). To be reflected in the description of hardSatelliteSwitch-Resync-NTN-r18
	


The signaling design of the SSB time offset has been specified as following in TS38.331, and the ssb-TimeOffset-r18 can be as low as 0 in the signaling design (in unit of subframe or m-sec).
[image: ]
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In RAN2 analysis(R2-2313877), the topology to have such soft satellite switching without PCI change is illustrated as following:
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Figure 3. Soft satellite switching without PCI change
If the SSBs from different satellites are in the same SMTC window or in two partially overlapped SMTC windows, by using PSS/SSS to perform DL synchronization, the correlation result may have multiple peaks, however, UE is not able to differentiate which peaks belong to which satellite because all the satellites share the same PCI (i.e, same PSS/SSS). Before UE reading the SSB index(PBCH-DMRS acquisition), UE cannot know if the SSBs are from different satellite or not. Up to the UE implementation, e.g., like in following figure, if UE only keeps two peaks of correlation for timing acquisition and then use those timing information to do SSB index reading, UE will find that they are SSBs from same satellite but miss the target satellite at all.
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Figure 4. SSS correlation peaks (NOT real results but for simple illustration ONLY)
If the SSBs from different satellites can be located in the different non-overlapping SMTC windows, like in the following figure, UE is still able to differentiate SSBs from different satellites even though same PSS/SSS is used.
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Figure 5. SSB can be differentiated if they are in different non-overlapping SMTC windows
In previous RAN1 discussion in reply LS[3], issue of SSBs colliding has also been identified, as duplicated below,
	RAN1 thanks RAN2 for the LS R1-2304323(R2-2304273) on unchanged PCI issue and would like to provide the following response to the question from RAN2: 
Question 2: If it is feasible to support soft satellite switching without PCI change?
Reply: 
Under the following conditions: 
· UE is not required to connect to two satellites simultaneously during soft satellite switching. 
· Interference avoidance/mitigation between two satellites may potentially be done by gNB implementation at least to ensure non-colliding SSB with same PCI at UE side. 
· UE is provided with the information on new common TA, K_mac, ephemeris and cell-specific K-offset are applied during resynchronization to new satellite.
· UE may be provided with the information if needed to detect the SSB of the new satellite for soft satellite switching.
· The same UE behavior may be applied for soft satellite switching and hard satellite switching.
RAN1 concludes it is feasible for soft satellite switching without PCI change. 


Our view is: 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) is dependent on whether SSBs from different satellite has sufficient proximity distance on time domain. Even though the SSB time offset can be greater than 0, the SSBs from different satellites can still be colliding on time domain or adjacent on time domain, like in the following example:
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Figure 6. example for SSB time offset>0
Thus, regardless of what the SSB time offset is at Tx side, as long as SSBs from different satellites are colliding at UE Rx side, it will be challenge for UE to support starting synchronizing to the DL of the SpCell served by the target satellite while still being connected to the source satellite during soft satellite switch. In order to consider the UE implementation margin and channel uncertainty, we propose to have 1 symbol margin as the proximity distance on time domain to determine if it’s feasible to support synchronizing to the target satellite while still being connected to the source satellite.
Proposal 6: 
If SSB burst from source satellite and target satellite are not colliding on time domain at UE Rx side, it is feasible that a UE supporting soft satellite switch can start synchronizing to the target satellite while still being connected to the source satellite. Otherwise, it is infeasible. 
Two SSB bursts are considered colliding if at least one of the following conditions is met:
· the two bursts are fully or partially overlapping in time domain, or
· the distance between the two bursts is equal to or smaller than 1 ODFM symbol.
The agreement and open issue for handover enhancement are:
	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.


RAN2 agreed that, in hard satellite switch without PCI change (i.e., no handover), the UE needs to know the time the UE attempts to re-synchronize. The RACH may or may not be needed in the hard switch without PCI change, according to the last meeting agreement from RAN2, and the other components like UE processing time, search timing for target satellite, and time for fine time tracking and acquiring full timing information of the target cell, and SSB post-processing time can be reused from the NTN HO requirement. 
For soft satellite switch, RAN2 agreed that,
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
RAN2 #124 
· T-start is explicitly signalled (same format as T-service). If T-start is not signalled, T-start is assumed to be equal to T-service, i.e. hard switch.
· For R18 we clarify that signalling a T-start higher than T-service is an unforeseen case and the UE will assume T-start = T-service
· It is up to NW implementation to signal T-start, e.g. if it does not want to receive UL TX before T-service (if there is no T-start, UL TX cannot happen before T-service)
Thus, for soft satellite switch without PCI change, starting and point and ending point shall be defined as following:
Starting point of the interruption time for the soft switch is a time point between T-start and T-service, and the exact starting time is up to UE implementation.
Ending point of the interruption time for the soft switch is PRACH transmission for PRACH-based case and first UL transmission excepting PRACH for without RACH performed solution, i.e., same as hard switch case.
However, if the T-start is not signaled, the starting point of the interruption time for the soft satellite switching is same as the hard satellite switching case.
According to RAN2 agreement, we think the only difference between hard and soft switch is when to start the DL sync on the target satellite. RAN2 agreed that,
· 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
· For soft satellite switch, as a baseline, it is sufficient to provide the “SSB time offset” of the target satellite in SIB19. (Can come back in the next meeting to check whether a different SSB index for the target satellite can optionally be provided)
Serving satellite will provide the SSB time offset of target satellite to UE for rough timing information to cover the SSB from target satellite, thus we think the Tsearch shall be modified to Tfirst_SSB instead of Trs, and Tfirst_SSB means the time to the end of the first complete SSB burst indicated by the SSB time offset of target satellite. Soft and hard switch shall share the same interruption time requirement. Since satellite switching is different from cell switching and UE is not aware of which satellite will be the target one to switch to until receive the ntn-TargetSatConfig and we shall not assume UE will monitor the target satellite before T-start, the known/unknown condition is not necessary to consider in this soft satellite switching without PCI change requirement.
Proposal 7: 
No need to consider known and unknown condition in the interruption requirement for soft satellite switch without PCI change.
As discussed in LS reply, the interruption requirement for soft satellite switching without PCI change shall not be applied when SSB burst from source satellite and target satellite are not colliding on time domain at UE Rx side.
Proposal 8: 
No requirement is applied for soft satellite switching without PCI change when SSB burst from source satellite and target satellite are not colliding on time domain at UE Rx side.

Thus, based on the analysis above, our proposal for the interruption requirement for satellite switching without PCI change is as:

Proposal 9:
· 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 RACH-less solution
· For soft satellite switch without PCI change,
· Starting point of the interruption time: between t-Start and t-Service, and the exact starting time is up to UE implementation.
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SSB time offset of target satellite.
· 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 SSB time offset of target satellite.
So far, the satellite switching without PCI change is only considered for the serving cell, however, UE may be also configured to perform the neighbor NTN cell measurement, and the target NTN cell may also have satellite switching without PCI change, as shown in the following figure. It’s still open about UE behavior during satellite switching in neighbor cell, for example, what shall UE do if UE is configured to perform neighbor NTN cell measurements and have collected some samples before and after the satellite switching of neighbor cell, or if UE is performing evaluation for mobility decision during the satellite switching of neighbor cell. We also think the serving cell needs to provide the satellite switching info of neighbor cell to UE for measurement, e.g., t-Start and t-Service of the satellite(s) of the neighbor cell. For the neighbor NTN measurement, if the measurement samples have been collected during the satellite switching without PCI change for neighbor cell, i.e., one measurement period contains the samples from new and old satellite of neighbor cell, UE may drop the samples before SAT switching, and new L1/PHY sample collection and averaging will be performed after satellite switching. However, this scenario has not been concluded in RAN2 yet, so RAN4 can wait for more information from RAN2.
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Figure 7. shall we consider satellite switching for neighbor NTN cell?
4. Conclusion
In this contribution we discuss the impact on RRM for the eNTN UE.
Proposal 1: only SS-RSRP/SS-RSRQ based inter-frequency cell reselection case shall be specified, and distance based and service timer based measurement triggering shall not be considered.
Proposal 2: 
For GNSS ON case, 
· the Rel-17 NTN-NTN inter-frequency cell reselection requirement can be reused for TN-NTN inter-frequency cell re-selection requirement, except the distance based and service timer based measurement triggering part. 
For switch OFF to ON case, 
· to introduce a time component of TGNSS_OFF_to_ON to represent GNSS time to first fix in Tdetect,NR_Inter; and this component can be added as a note in table of Tdetect,NR_Inter, and no numeric value needs to be specified for this TGNSS_OFF_to_ON.
· Tdetect,NR_Inter for switch OFF to ON case is equivalent to: “TGNSS_OFF_to_ON” plus “the TN-NTN inter-frequency cell detection time for GNSS ON case”. 
Observation: Since the first fix of GNSS will take very long time during the cell reselection procedure, it’s not necessary to always consider UE turns on the GNSS only when the neighbor NTN measurement is triggered.
Proposal 3: if UE is configured by network to have at least one high priority carrier which contains NTN cells, UE shall keep GNSS ON during such high priority frequency layer measurement even the UE is in TN coverage.
Proposal 4: to address the issue of “mismatch between practical TN cell coverage and TN cell coverage information provided by serving cell”, RAN4 can introduce an additional positive margin adding on top of the TN coverage radius provided by serving cell, e.g., 50 meters, to determine if UE is outside TN coverage or not.
Proposal 5: For NTN to NTN time-based measurement initiation for cell reselection in earth-moving cell, the existing RRC idle/inactive mode requirements referring to ‘t-service’ are reused.
Proposal 6: 
If SSB burst from source satellite and target satellite are not colliding on time domain at UE Rx side, it is feasible that a UE supporting soft satellite switch can start synchronizing to the target satellite while still being connected to the source satellite. Otherwise, it is infeasible. 
Two SSB bursts are considered colliding if at least one of the following conditions is met:
· the two bursts are fully or partially overlapping in time domain, or
· the distance between the two bursts is equal to or smaller than 1 ODFM symbol.
Proposal 7: 
No need to consider known and unknown condition in the interruption requirement for soft satellite switch without PCI change.
Proposal 8: 
No requirement is applied for soft satellite switching without PCI change when SSB burst from source satellite and target satellite are not colliding on time domain at UE Rx side.
Proposal 9:
· 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 RACH-less solution
· For soft satellite switch without PCI change,
· Starting point of the interruption time: between t-Start and t-Service, and the exact starting time is up to UE implementation.
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SSB time offset of target satellite.
· 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 SSB time offset of target satellite.
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