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1. Introduction
In RAN4#106bis-e meeting, RAN4 had some initial discussion on RRM impact for NTN-TN and NTN-NTN mobility enhancement, and the related WF was approved in [1]. In this contribution, we discuss the potential RRM impact for NTN-TN and NTN-NTN mobility enhancement and provide our proposals.
2. Discussion
2.1	NTN-TN and NTN-NTN mobility
NTN-NTN enhancement
	Agreements in RAN2#119b:
· For NTN-NTN cell reselection with earth moving cell, RAN2 will consider providing parameters of serving cell to  UE, for UE to estimate when the serving cell stops providing coverage at the present UE location (FFS whether this will be an optional UE feature) (this does not exclude any time-based or location-based approach) (other solutions can also be considered)
· System information is the basic means for providing necessary parameters to assist UE to estimate when the serving cell stops providing coverage at the present UE location.
· In Earth-moving cell, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE
· RAN2 confirms that at least for the moving cell case the next serving cells can be largely predicted in NTN (at least for UEs not at the cell edge) thanks to the existence of predefined satellite orbits and negligible UE’s mobility in comparison to satellite’s motion (we can further discuss at the next meeting whether this applies to idle mode UEs as well)
RAN2 Agreements in RAN2#121:
· In R18, for earth-moving system, satellite with steerable beam is not considered as part of mobility enhancement in NTN.
· A serving cell reference location and a distance threshold/radius will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris).
· For cell selection/reselection, location-based measurement initiation is supported in earth-moving cell
· For earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused, i.e., for cell reselection in earth-moving cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold. 
RAN2 Agreements in RAN2#121bis-e:
· 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.
· For earth-moving cell, new IE is introduced to indicate the reference location of serving cell.
· For cell (re)selection in earth-moving system, a distance threshold is introduced for location-based measurement initiation, which reuses distanceThresh in SIB19.
· For cell (re)selection in earth-moving system, time-based measurement initiation is used to address feeder-link switch case.
· Time-based cell reselection criteria is not pursued in R18.


In Rel-18 NTN, the NTN-NTN mobility focus on the cell reselection enhancement for earth-moving scenario. And according to RAN2 agreements, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. And for earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused, i.e., for cell reselection in earth-moving cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold. And from RAN4 perspective, the location based cell reselection requirement defined for quasi-fixed cell in Rel-17 can be applied to earth-moving cell. 
Proposal 1: For location based cell reselection for earth-moving cell, the location based cell reselection requirement defined in Rel-17 is applied.
NTN-TN enhancement
	RAN2 Agreements in RAN2#120:
· To enhance NTN-TN cell reselection, means are defined for a UE to differentiate when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s) is/are also available.
· UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
· RAN2 will first continue the investigation on the details of the TN coverage data (e.g. accuracy requirements for describing where TN network(s) is/are available) and UE storage overhead before deciding how to send the information to the UE.
· Continue the discussion on whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information.
RAN2 Agreements in RAN2#121:
· TN coverage area information will be associated to the frequency information.
· RAN2 adopts explicit description of geographical TN area, and focuses on the following options for further discussion, taking the signalling overhead into account (FFS on the accuracy of the information):
· Option 1: The corresponding geographical area information is provided by network with location coordinates of area center and radius.
· Option 2: a boundary line is provided by network in the format of a list of location coordinates, additionally an indication can be used to indicate which side is the TN side
· Option 6: for each TN area, a list of locations is provided by network, and the corresponding close shape could be illustrated by a polygon connecting these points within the list.
· As a baseline, broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.
· Also based on the signalling overhead of the broadcast solution, RAN2 will further consider the option that UE-specific update can be optionally be provided via dedicated signalling, overriding the broadcast configuration (FFS if via RRC or higher layers. FFS on the validity time, if provided by RRC)
· We don’t introduce additional cell reselection prioritization rules for NTN vs TN in Rel-18 (e.g. per service type, per mobility state, or per UE type) on top of what specified in Rel-17 


When the TN coverage is available to UE, the UE is required to perform neighbour cell measurements for TN neighbour cells. The RRM requirements for TN frequency layer should be defined, e.g. cell reselection requirement and maximum interruption in paging reception during cell reselection to a TN cell. 
Proposal 2: RAN4 to define the RRM requirements for NTN-TN cell reselection, e.g. cell reselection requirement and maximum interruption in paging reception during cell reselection to a TN cell. 
2.2	RACH-less Handover
	RAN2 Agreements in RAN2#121:
· Support RACH-less Handover in Rel-18.
· RACH-less Handover in NR NTN is a L3 mobility procedure (FFS if this is combined with the unchanged PCI approach, if supported) and uses the LTE’s RACH-less Handover procedure as a baseline. FFS on TA acquisition
· In NTN RACH-less handover, network indicates (implicitly or explicitly) whether NTA in the target cell is identical to the source cell or explicitly provided by the NW.
· Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario
RAN2 Agreements in RAN2#121bis-e:
· In Rel-18 we don’t aim at RACH-less HO for NTN-TN mobility
· For initial UL transmission in RACH-less HO, support pre-allocated grant in RACH-less HO command
· NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB;
· NTN RACH-less HO can be supported for intra-satellite handover with different feeder links, i.e., with gateway/gNB switch, inter-satellite handover with gateway/gNB switch, and inter-satellite handover with same gateway/gNB.
· RAN2 confirms the general UE procedure for NTN RACH-less HO 
· The pre-allocated grant is provided as type-1 CG


According to RAN2 agreement, the RACH-less handover is supported in Rel-18, and it is a L3 mobility procedure. From RAN4 perspective, RAN4 needs to define the RRM requirements for RACH-less handover for NTN, e.g. RACH-less handover delay requirement and UE initial transmission timing error requirement. RAN2 agrees to use the LTE’s RACH-less handover procedure as a baseline and the RACH-less HO for NTN-TN mobility is not supported, therefore, the timeline of RACH-less handover can be the time between the end of the last TTI containing the RRC command on the old PDSCH and the time when the UE starts PUSCH transmission on the target cell when UE is configured with RACH-less. And the interruption time can be expressed as follows:
Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Where:
-	Tsearch is the time required to search the target NR SAN cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = Trs ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 3* Trs ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
-	T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs.
-	Tprocessing is time for UE processing. Tprocessing can be up to 20ms.
-	Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
-	TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less handover in the new cell.
Proposal 3: The timeline of RACH-less handover is the time between the end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts the transmission of the new uplink PUSCH on the target cell.
Proposal 4: The interruption time of RACH-less handover is expressed in following formula:
Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Where:
-	Tsearch is the time required to search the target NR SAN cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = Trs ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 3* Trs ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
-	T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs.
-	Tprocessing is time for UE processing. Tprocessing can be up to 20ms.
-	Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
-	TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less handover in the new cell.
For UE initial transmission timing error requirement, the first UL transmission performance for RACH-less handover should fulfill the initial transmission requirement specified in Table 7.1C.2-1 of TS38.133 if UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell.
Proposal 5: The UE initial transmission requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission performance for RACH-less handover if UE UL transmission synchronization is maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell.
3. Conclusion
In this contribution, we discussed the RRM impact for NTN-TN and NTN-NTN mobility enhancement and proposals are provided as follows:
Proposal 1: For location based cell reselection for earth-moving cell, the location based cell reselection requirement defined in Rel-17 is applied.
Proposal 2: RAN4 to define the RRM requirements for NTN-TN cell reselection, e.g. cell reselection requirement and maximum interruption in paging reception during cell reselection to a TN cell. 
Proposal 3: The timeline of RACH-less handover is the time between the end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts the transmission of the new uplink PUSCH on the target cell.
Proposal 4: The interruption time of RACH-less handover is expressed in following formula:
Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Where:
-	Tsearch is the time required to search the target NR SAN cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = Trs ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 3* Trs ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
-	T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs.
-	Tprocessing is time for UE processing. Tprocessing can be up to 20ms.
-	Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
-	TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less handover in the new cell.
Proposal 5: The UE initial transmission requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission performance for RACH-less handover if UE UL transmission synchronization is maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell.
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