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1 Introduction
In previous RAN4 meetings, we discussed the RRM requirements for NTN-NTN and NTN-TN mobility. In last RAN4#109 meeting, there were some agreements in [1].
In this contribution, we continue to discuss the RRM requirements for NTN-NTN and NTN-TN mobility.
2 Discussion
In RAN4#109 meeting, it is agreed to define requirements on TN-to-NTN and NTN-to-TN cell reselection as:
	[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.



Firstly, RAN4 should aligned the applicable scenario. For NTN-TN and TN-NTN cell reselection, only NTN FR1 and TN cells are considered in this release. 
Proposal 1: Firstly, RAN4 should aligned the applicable scenario. For NTN-TN and TN-NTN cell reselection, only NTN FR1 and TN cells are considered in this release.

For TN to NTN cell reselection, use TN requirements as the start point. For NTN to TN cell reselection, use NTN requirements as the start point and add UE may skip neighbour cell measurement in the area which is no coverage of the frequency based on the provided TN cell. If UE in NTN serving cell is configured for ntn-NeighCellConfigList-r17 for NTN neighbour cell and other inter-frequency carrier for TN cell, UE should detect/measure/evaluate neighbour cell of both TN and NTN carriers. In serving NTN cell, if referenceLocation and distanceThresh is configured, UE shall initiate the measurement of all TN and NTN cells if the distance between UE and the serving cell reference location is larger than distanceThresh. 
Proposal 2: When UE in NTN serving cell, and it is configured for ntn-NeighCellConfigList-r17 for NTN neighbour cell and other inter-frequency carrier for TN cell, UE should detect/measure/evaluate neighbour cell of both TN and NTN carriers. In serving NTN cell, if referenceLocation and distanceThresh is configured, UE shall initiate the measurement of all TN and NTN cells if the distance between UE and the serving cell reference location is larger than distanceThresh.
In latest RAN2 agreement, the network type should be known to UE. In addition, SIB 19 can be broadcast in TN cell to provide satellite assistance information for NTN neighbour cell. If “ntn-NeighCellConfigList-r17” is configured by TN cell, the UE should detect/measure/evaluate neighbour cell of both TN and NTN cells.
If UE in TN serving cell, basis RSRP mechanism can be reused. For neighbour NTN cell, the referenceLocation of neighbour cell can be achieved by SIB 19 from TN cell. If the distance between UE and neighbour cell is large enough, UE can skip neighbour cell measurement in this area. 
Proposal 3: When UE in TN serving cell, and it is configured for ntn-NeighCellConfigList-r17 for NTN neighbour cell and other inter-frequency carrier for TN cell, UE should detect/measure/evaluate neighbour cell of both TN and NTN carriers. In serving TN cell, basis RSRP mechanism can be reused, plus the referenceLocation of neighbour cell can be achieved by SIB 19 from TN cell. If the distance between UE and neighbour cell is large enough, UE can skip neighbour cell measurement in this area.

For NTN-to-NTN time-based measurement initiation for cell reselection in earth-moving cell, it is still FFS as:
	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.



Firstly, according to RAN2 latest progress, time-based cell-reselection can be used in earth moving cell.
	For cell (re)selection in earth-moving system, time-based measurement initiation is used to address feeder-link switch case.



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.

From RAN2 conclusion, the time-based measurement initiation for cell reselection is the same as that in Rel-17. Hence, the existing requirements on “4.2C Cell Re-selection for NR UE for Satellite Access” can be applied for both earth-fixed and earth-moving cell cases.
For earth moving scenario, the typical beam footprint size is 100km to 1000km. For the requirements “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 is met or the legacy Srxlev/Squal condition are met, and when to start the detection, measurement and evaluation on neighbour cells is up to UE implementation.” There were concern of the yellow text, the UE can start the detect, measure, and evaluate neighbor cell. But it cannot be guaranteed to finish the detect, measurement and evaluate. One option is to remove the condition. Another solution is to add a margin of Ttrigger for earth-moving cell. For the option A, it means up to UE implementation and NW implementation to ensure the performance. We prefer to keep the UE behavior to start be able to detect, measure and evaluate neighbor cell before the serving cell stop and add a margin to consider the worst beam foot size. 
Proposal 4: For time-based measurement initiation for cell reselection in earth moving cell, the existing requirements on “4.2C Cell Re-selection for NR UE for Satellite Access” can be applied for both earth-fixed and earth-moving cell cases. For option A, we support to keep the UE behaviour to start be able to detect, measure and evaluate neighbor cell before the serving cell stop and add a margin to consider the worst beam foot size.

For NTN-to-NTN location based measurement initiation for cell reselection in earth-moving cell, the margin is FFS:
	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.


According to the latest reference location defined in RAN2, it is with a time reference. At first, the time reference is indicated by epochTime. After the SIB, the UE use the ephemerisInfo and epochTime for UE prediction in any time. There will be estimation error. Therefore, we support to introduce a margin to reflect the error. 
Proposal 5: For NTN-to-NTN location-based measurement initiation for cell reselection in earth-moving cell, we support to introduce an additional margin to reflect to the estimation error.

	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 Tseach is the same as the existing one defined in 6.1C.2.2.


For NTN-to-NTN time and location-based trigger CHO without L3 measurement, reuse the existing conditional CHO requirements:
 DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
TRRC is the same as existing requirements. 
TEvent_DU should be update for: 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 can be removed due to no measurement before CHO. 
Before handover, the target cell in unknown or known. The Tsearch is needed for unknown cell.  
Proposal 6: For NTN-to-NTN time and location-based trigger CHO without L3 measurement, reuse the existing conditional CHO requirements:
 DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
TRRC is the same as existing requirements. 
TEvent_DU should be update for: 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 can be removed due to no measurement before CHO.
Tsearch is needed for known/unknown cell. 
3 Conclusion
In this contribution, we provide our proposals:
Proposal 1: Firstly, RAN4 should aligned the applicable scenario. For NTN-TN and TN-NTN cell reselection, only NTN FR1 and TN cells are considered in this release.
Proposal 2: When UE in NTN serving cell, and it is configured for ntn-NeighCellConfigList-r17 for NTN neighbour cell and other inter-frequency carrier for TN cell, UE should detect/measure/evaluate neighbour cell of both TN and NTN carriers. In serving NTN cell, if referenceLocation and distanceThresh is configured, UE shall initiate the measurement of all TN and NTN cells if the distance between UE and the serving cell reference location is larger than distanceThresh.
Proposal 3: When UE in TN serving cell, and it is configured for ntn-NeighCellConfigList-r17 for NTN neighbour cell and other inter-frequency carrier for TN cell, UE should detect/measure/evaluate neighbour cell of both TN and NTN carriers. In serving TN cell, basis RSRP mechanism can be reused, plus the referenceLocation of neighbour cell can be achieved by SIB 19 from TN cell. If the distance between UE and neighbour cell is large enough, UE can skip neighbour cell measurement in this area.
Proposal 4: For time-based measurement initiation for cell reselection in earth moving cell, the existing requirements on “4.2C Cell Re-selection for NR UE for Satellite Access” can be applied for both earth-fixed and earth-moving cell cases. For option A, we support to keep the UE behaviour to start be able to detect, measure and evaluate neighbor cell before the serving cell stop and add a margin to consider the worst beam foot size.
Proposal 5: For NTN-to-NTN location-based measurement initiation for cell reselection in earth-moving cell, we support to introduce an additional margin to reflect to the estimation error.
Proposal 6: For NTN-to-NTN time and location-based trigger CHO without L3 measurement, reuse the existing conditional CHO requirements:
 DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
TRRC is the same as existing requirements. 
TEvent_DU should be update for: 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 can be removed due to no measurement before CHO.
Tsearch is needed for known/unknown cell. 
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