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1. Introduction
In RAN4#108bis 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 this contribution we continue the discussion about the enhancement on mobility and service continuity for the eNTN UE including the autonomous SMTC shifting.
2. Idle/Inactive mode mobility enhancements
For TN-to-NTN and NTN-to-TN cell reselection, the remaining issues from last meeting were:
	Issue 4-1: TN to NTN cell reselection
[bookmark: _Hlk147849822]Agreement:
· FFS: whether/how to define TN to NTN cell reselection.

Issue 4-2: NTN to TN cell reselection
Agreement:
· UE is allowed to skip TN neighbour cells measurement in an area where there is no coverage of the frequency based on the provided TN cell coverage information and UE GNSS position information. FFS whether and how to implement it RAN4 CR.
· 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.


And in last RAN2 #123bis and #123 meeting, some conclusions were made as,
	Agreements in #123bis:
1.	The maximum number of TN coverage area information is 32 (5 bits)
2.	RAN2 will not specify restrictions on TN coverage description (i.e., description of TN coverage is left to NW implementation). The signalled TN coverage can describe areas not currently covered by the satellite cell footprint (FFS how to reflect this in the specification)
3.	TN coverage information can be broadcast by both (quasi)earth-fixed and earth-moving cells
4.	The working assumption “We do not introduce new triggers making the UE reacquire the TN coverage information from SI” in Rel-18 is confirmed
5.	The new SIB including the TN coverage information is not an essential SIB for NTN. An NTN-capable UE does not need to consider the cell barred if it is unable to acquire the SIB when scheduled.
6.	Legacy SI update procedure will be used when the network updates the TN coverage information (can further check for moving cell case)

Agreements in #123:
1.	define an optional without signalling UE capability to indicate the support of skipping neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
2.	define an optional without signalling UE capability for location-based measurement initiation in Earth-moving cell for cell selection/reselection.
3.	To define an optional without signalling UE capability for time-based measurement initiation in Earth-moving cell for cell selection/reselection.
4.	RACH-less support is optional with UE capability signalling (RAN2 WA: this is a per band UE capability).

NTN-TN enhancement, Agreements: 
1.	Both of the NR TN coverage and EUTRA TN coverage can be provided.
2.	We introduce a new SIB to provide the TN coverage information
3.	A TN coverage area configuration is associated with a TN coverage Area ID. The frequency information for TN coverage area is indicated by adding TN coverage area IDs in SIB4 and SIB5.

NTN-NTN enhancement, 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.


In RAN2 agreements and WID, we fail to see that TN-NTN cell reselection is precluded from R18. Even though RAN2 has not concluded how NTN information can be signalled via TN serving cell, TN-NTN and NTN-TN mobility to us is symmetric mobility need in the network, and we think both NTN-TN and TN-NTN cell reselection cases can be considered in RAN4 requirement design, and both GSO and non-GSO cases can be discussed together with earth fixed cell vs. earth moving cell.
However, considering the left time for this WI core, we recommend companies to consider following alternatives to move forward:
· Alt 1: define both TN-NTN and NTN-TN mobility requirement, and exception list for TN-NTN mobility is needed in next RANP meeting.
· Alt 2: define both TN-NTN and NTN-TN mobility requirement, but TN-NTN case can be postponed to R19 scope
· Alt 3: Not define either TN-NTN or NTN-TN mobility requirement
Proposal 1: by considering symmetric mobility, RAN4 to adopt one of the following alternatives for moving forward (all alternatives are acceptable to us):
· Alt 1: define both TN-NTN and NTN-TN mobility requirement, and exception list for TN-NTN mobility is needed in next RANP meeting.
· Alt 2: define both TN-NTN and NTN-TN mobility requirement, but TN-NTN case can be postponed to R19 scope
· Alt 3: Not define either TN-NTN or NTN-TN mobility requirement
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. 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 2: if TN-NTN cell reselection requirement is to be specified in Rel-18, 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.
Regarding the issue 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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Proposal 3: 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
	
Issue 4-3: NTN to NTN time-based measurement initiation for cell reselection in earth-moving cell
Agreement:
Further discuss the requirements on time-based measurement initiation for cell reselection in earth-moving cell based on following Options:
· Option 1: 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.
· Option 2: Enhance the requirements on time-based measurement initiation for cell reselection in earth-moving cell
· Introduce coverage information of serving cell for helping UE to assess the available time left for cell reselection measurement before UE leaves the coverage area of serving cell
Option 3: For earth-moving cell, time-based measurement initiation may only apply to hard satellite switch in RAN2 design. (Nokia)


And in last RAN2 #122 and #121-bis-e 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 4: 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. Connected mode mobility enhancements
HO for satellite switching without PCI change
The agreement and open issue for handover enhancement are:
	Issue 5-2: NTN to NTN Satellite switching without PCI change
Agreement:
· For satellite switching without PCI change, 
· define requirements for both hard and soft switch scenarios.
· TBD on how to define hard/soft satellite switch without PCI change (which will be determined mostly based on further clarification expected to be made by RAN2)
· define requirements for PRACH-based and for without RACH performed solution.
· The above does not necessarily mean that a common requirement formula cannot be defined. e.g. requirements for each case can be represented by a common formula with different definitions of respective components.
· Starting point of the interruption time for the switch is t-Service, FFS other starting point needs to be considered for other cases depending on RAN2 progress
· Ending point of the interruption time for the switch is PRACH transmission for PRACH-based case and [first UL transmission excepting PRACH for without RACH performed solution]
· Interruption time for the hard switch is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = [Trs] ms 
· Tprocessing = [5] ms
· T∆, Tmargin and TIU are same as existing requirements
· FFS Interruption time for soft switch
· FFS on
· whether/how to define requirements resulting from separate link switch time instances for UL and DL. 
· Note: the starting and ending may be revisited depending outcome of discussions
· whether/how to define UE behavior (e.g. skipping/relaxation of L1/L3 measurement and evaluation) during the switch.


In RAN2 meeting #123bis and #123, it was agreed that,
	Agreements in #123bis:
1.	We don’t consider the impact on Rel-17 UEs behavior (or Rel-18 UEs not supporting unchanged PCI) when defining the Rel-18 unchanged PCI solution
2.	Network provides the sync information of target satellite in advance to UE before satellite switching, via broadcast signalling
Agreements in #123bis:
1.	RAN2 confirms satellite switching with unchanged PCI is only applicable on quasi-earth fixed system
2.	Only 1 target satellite information (i.e. NTN-config) of serving cell is provided in SIB19. FFS on exact signalling
3.	SMTC configuration of target satellite needs further discussion:
	FFS on whether and how to provide the SMTC configuration of target satellite.
	FFS on how to handle the SMTC adjustment. 
4.	We support soft satellite switching in Rel-18
5.	There will be an indication (FFS if explicit or implicit) whether hard switch or soft switch is used.
6.	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)
7.	In soft satellite switching, UE can start synchronizing with target satellite before T-service of source satellite.
8.	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)
9.	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
10.	UE is not required to connect to source satellite when the UE switches to target satellite.

Agreements in #123:
1.	An explicit indication will be introduced to enable the unchanged PCI switch
2.	The unchanged PCI mechanism can be applied to the case where the coverage gap is zero or negligible (where there is no need to introduce t-gap or t-start). FFS whether we need to support scenarios that require the introduction of t-gap or t-start
3.	PCI unchanged procedure can be performed without performing RACH
Agreements:
1.	In the unchanged PCI case, the UE considers UL synchronization timer expired at t-Service (current cell stop time) to stop any UL operation. FFS on timeAlignmentTimer handling.
2.	In the unchanged PCI case, for RACH-based solution, the UE may trigger RACH immediately after DL synchronizing with the new satellite
3.	The UE specific Koffset, if configured, is not used after t-Service and the UE uses the cell specifc Koffset until the UE receives new differential Koffset MAC CE.



RAN2 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. 
RAN2 agreed that UE is not required to connect to source satellite when the UE switches to target satellite, so in RAN4 UE shall not be required to monitor old serving satellite during the interruption period for both soft and hard satellite switching.
Proposal 5: UE is not required to monitor source satellite during the interruption period for hard and soft satellite switch.
For soft satellite switch, RAN2 agreed that,
7.	In soft satellite switching, UE can start synchronizing with target satellite before T-service of source satellite.
8.	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)
9.	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
 
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.
Proposal 6: 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 same as hard switch 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,
SMTC configuration of target satellite needs further discussion:
	FFS on whether and how to provide the SMTC configuration of target satellite.
	FFS on how to handle the SMTC adjustment.

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).

Serving satellite will provide the SMTC information of target satellite to UE for potential SMTC adjustment 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 SMTC of target satellite. Soft and hard switch shall share the same interruption time requirement.
Proposal 7:  Interruption time for hard switch 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
· Soft switch has the same interruption time as hard switch case.
4. Conclusion
In this contribution we discuss the impact on RRM for the eNTN UE.
Proposal 1: by considering symmetric mobility, RAN4 to adopt one of the following alternatives for moving forward (all alternatives are acceptable to us):
· Alt 1: define both TN-NTN and NTN-TN mobility requirement, and exception list for TN-NTN mobility is needed in next RANP meeting.
· Alt 2: define both TN-NTN and NTN-TN mobility requirement, but TN-NTN case can be postponed to R19 scope
· Alt 3: Not define either TN-NTN or NTN-TN mobility requirement
Proposal 2: if TN-NTN cell reselection requirement is to be specified in Rel-18, 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 3: 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 4: 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 5: UE is not required to monitor source satellite during the interruption period for hard and soft satellite switch.
Proposal 6: 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 same as hard switch case.
Proposal 7:  Interruption time for hard switch 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
· Soft switch has the same interruption time as hard switch case.
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