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[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#96 meeting, WID (NR NTN (Non-Terrestrial Networks) enhancements) was approved [1]. Regarding mobility and service continuity enhancements, the objectives are listed below:
	4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements

This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

· [bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK111]Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· [bookmark: OLE_LINK112][bookmark: OLE_LINK113][bookmark: OLE_LINK114]Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]


In this contribution, some scenario analysis and open issues discussion are provided.
Discussion
2.1  Earth moving cell scenario
Scenario analysis
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In R17, the quasi-earth-fixed cell scenario was studied. In quasi-earth-fixed cell, the UE is served by beam covering one geographic area for a limited period. Based on this feature, during the period for all the UE in a quasi-earth-fixed cell, the stop serving time is unified and the reference location is fixed. As for mobility management, NW can determine CHO execution conditions based on the stop serving time and the reference location, or broadcast these to UE to assist location- or time-based cell reselection.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK7][bookmark: OLE_LINK8]However, in earth moving cell scenario, the coverage area of cell slides over the earth surface, under the coverage of the satellite, some new UEs move in, while some move out. For example, as shown in Figure 1, the cell is moving with a speed V on earth surface, and “△” and “□” are represent two UEs, i.e., UE1 and UE2, in coverage of cell#0 at T1. Without considering the movement of UE, it can be predicted these two UEs will lose coverage of cell#0 after the cell#0 moves distance D2 at T2 for UE2 and D1 at T3 for UE1 successively. In this case, there is no unified cell stop serving time for UE with different locations in the cell, and the reference location keeps moving together with the cell. Hence, the mobility management mechanisms for quasi-earth-fixed cell, which are based on static information, are not enough. Some UE-based solutions need to be discussed and/or per UE assistance information may need to be provided.

 
Figure 1: Earth moving cell scenario
[bookmark: _Toc111018865][bookmark: _Toc111029750]Observation 1: Currently CHO and cell reselection mechanism for quasi-earth-fixed cell is not applicable to earth moving cell scenario.
Enhancements on cell reselection 
[bookmark: OLE_LINK16][bookmark: OLE_LINK18]For earth moving cell, the cell stop serving time is per UE and based on the distance from UE to cell edge, which means the time-based solution and location-based solution are the same actually. In the following part, the time-based solution will not be discussed separately. 
To support cell reselection for earth moving cell, the main problem is how to determine the real-time cell reference location or the cell edge. Some possible solutions are given as follow:
· Provide UE a reference location with timestamp and the moving speed of the serving cell and/or neighbor cells, that UE can predict the real-time reference location;
· UE based on the dynamic satellite ephemeris and some cell specific assistance information, like the cell antenna angle or the relative position of cell reference point to sub star point, to determine the real-time reference location of the serving cell and/or neighbor cells;
That we propose:
[bookmark: _Toc111018802][bookmark: _Toc111018905][bookmark: _Toc111018977]Proposal 1: Real-time cell location information of earth moving cell should be considered for cell reselection. RAN2 discuss how to determine it.
With knowing the real-time location information of serving cell and/or neighbour cells, the following issues related to cell reselection procedure need to be discussed. 
· Issue#1: Initiate measurement on neighbor cells
In R17, the location-based solution is agreed for quasi-earth-fixed cell scenario. Based on the existing protocol TS 38.304 [2], UE will keep measuring higher priority frequency and may choose not perform neighbor cell measurements of equal or low priority frequency if the conditions of distance threshold and RSRP/RSRQ threshold are fulfilled. For earth moving cell scenario, with knowing the real-time reference location, these mechanisms are also applicable.
	[bookmark: _Toc29245206][bookmark: _Toc37298552][bookmark: _Toc46502314][bookmark: _Toc52749291][bookmark: _Toc108988316]5.2.4.2	Measurement rules for cell re-selection
Following rules are used by the UE to limit needed measurements:
-	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ:
-	If distanceThresh is broadcasted in SIB19, and if UE supports location-based measurement initiation and has obtained its location information:
[bookmark: _Hlk96333131]-	If the distance between UE and the serving cell reference location is shorter than distanceThresh, the UE may not perform intra-frequency measurements;
-	Otherwise, the UE shall perform intra-frequency measurements;
-	Otherwise, the UE may not perform intra-frequency measurements;
-	Otherwise, the UE shall perform intra-frequency measurements.
-	The UE shall apply the following rules for NR inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-	For a NR inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current NR frequency, the UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8].
-	For a NR inter-frequency with an equal or lower reselection priority than the reselection priority of the current NR frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current NR frequency:
-	If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ:
-	If distanceThresh is broadcasted in SIB19, and if UE supports location-based measurement initiation and has valid UE location information:
-	If the distance between UE and the serving cell reference location is shorter than distanceThresh, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-	Otherwise, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133 [8];
-	Otherwise, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-	Otherwise, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133 [8].
-	If the UE supports relaxed measurement and relaxedMeasurement is present in SIB2, the UE may further relax the needed measurements, as specified in clause 5.2.4.9.


Thus we propose:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK11][bookmark: _Toc111018803][bookmark: _Toc111018906][bookmark: _Toc111018978][bookmark: _GoBack]Proposal 2: For earth moving cell, reuse the R17 location-based solution with taking real-time cell location information into consideration to initiate measurement on neighbour cells for RRC_IDLE and RRC_INACTIVE UEs.
· Issue#2: Cell reselection criteria
In R17, for quasi-earth-fixed cell, the location-based cell reselection criteria are discussed and agreed that enhanced cell reselection criteria is not introduced which is agreed in RAN2#118e-meeting.
RAN2#118e Agreements:
1. Location based cell reselection method is not introduced in NR NTN Rel-17
In quasi-earth-fixed cell scenario, the distance between UE and reference location of neighbour cells can not reflect the distance between UE and satellite. Hence, the location information cannot help UE from selecting a neighbor cell with stronger signal quality or longer serving time. However in earth moving cell scenario, with the reference location, UE can reselect to a cell with longer serving time. Considering earth moving cell tend to provide shorter serving time than quasi-earth-fixed cell, choose a neighbor cell with longer service time seems more meaningful than in earth moving case. 
[bookmark: _Toc111018804][bookmark: _Toc111018907][bookmark: _Toc111018979]Proposal 3: RAN2 to discuss whether to support taking serving time of earth moving cell into consideration for cell reselection criteria for earth moving cell scenario.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70]Enhancements on HO/CHO 
· Signaling reduction
It has been agreed that the UE can report its location in NTN. Hence, the network can calculate the distance between the UE’s location and the reference point for both serving cell and the target cell based on the UE location. And the network make decision on when to trigger the UE to perform handover. The network can also make handover decision referring the UE location information which could aviod UE reporting measurement result. From this point, signalling overhead could be reduced.
On the other hand, in procedure of CHO, the network can configure proper candidate cells for UE considering the UE location. For example, the network figures out that which cell will cover the UE with high propobility. Then, the network can configure these cells as the candidate cells in CHO configuration. This is beneficial for reducing the overhead of CHO configuration signalling.
[bookmark: _Toc111018866][bookmark: _Toc111029751]Observation 2: UE location reporting is beneficial to signalling reduction for handover considering the network can make smarter decision based on UE location information.
· Enhancements on Measurement Event 
In R17, for time based CHO, i.e. CondEvent T1, During the time [t1-Threshold, t1-Threshold + duration], UE can execute CHO. The execution condition is determained by the network, mainly based on the stop serving time of the serving cell and the start serving time of candidate cells. For quasi-earth fixed cell, these time points are unified and valid always for all the UE under the serving cell. 
However, for earth moving cell, the stop time of serving cell and start time of candidate cells for each UE are various. To support time based CHO, gNB need to calculate the CHO execute times based on the current location reported by UE, and configure the CHO execution conditions to UE. In this case, once UE moves, the stop serving time of the serving cell and the start serving time of the candidate cell will be changed, these execution condition may become invalid. CHO configuration update may be needed which will introdcue siganlling overhead especially for UE with high speed. Some enhancements need to be considered to solve this problem.
[bookmark: _Toc111018867][bookmark: _Toc111029752][bookmark: OLE_LINK17][bookmark: OLE_LINK19]Observation 3: The movement of the UE will cause the execution conditions of time based CHO invalid.
[bookmark: _Toc111018805][bookmark: _Toc111018908][bookmark: _Toc111018980]Proposal 4: For earth moving cell scenario, enhancements are needed to solve the problem of configuration invalid caused by UE mobility to support time based CHO.
In Rel-17 NTN, for location based CHO, the near-far effect of the signal strength is not quite obvious. So location based solution, i.e. event D1, is applied as one complementary approach. In earth moving scenario, the coverage area slides over the earth. Hence, the reference location (e.g. center of the cell or edge of the cell) varies with timing in earth moving scenario which is illustrated in Figure 2. If the UE is not aware of the timing information for the reference location, the UE cannot make judgement.
[bookmark: _Toc111018868][bookmark: _Toc111029753]Observation 4: The timing information is needed if event D1 is reused in earth moving scenario.



Figure 2: Reference location varies in the earth moving scenario
To faciliate the procedure, various solutions can be studies. One straightforward solution is to send the reference location information of the satellite attaching the timing information to the UE. In this solution, the UE is aware of the timing varying reference location i.e. get the real-time reference location. Hence, the UE can compares the time varying distance to the reference location. Other solutions can be that the UE calculates the time varying reference location in the future based on the ephemeris information. 
Hence, we propose that:
[bookmark: _Toc111018806][bookmark: _Toc111018909][bookmark: _Toc111018981]Proposal 5: Enhancements are needed to assist the UE to perform location based CHO in earth moving scenario.
2.2  PCI unchanged scenario for quasi-earth-fixed cell
2.2.1 [bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK14][bookmark: OLE_LINK15]Scenario analysis
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]In view of the quasi-earth-fixed cell characteristic, the cell fixed to a certain geographic area on the earth during a certain time duration and moves away. As shown in Figure 3, by satellite orbit deployment and beam design, it can be realized that the next cell belongs to the satellite 1 can serve the same area of the previous cell belongs to satellite 0 seamlessly. When these two satellites connect to the same gNB on the ground, this gNB can configure these two cells with the same PCI and the same frequency. Furthermore some common cell configurations and UE context can also be shared by the two satellites, except some configurations, such as downlink timing, cellSpecificKoffset, TA information and etc. The unchanged part of the common configuration of the target satellite can be utilized by the UE when the target satellite starts to serve the UE with the same PCI and frequency.
[bookmark: _Toc111018869][bookmark: _Toc111029754]Observation 5: The quasi-earth-fixed cell frequency and PCI unchanged scenario can be realized by network deployment.
[bookmark: _Toc111018870][bookmark: _Toc111029755]Observation 6: The unchanged common configuration of the target satellite with the same PCI as the source satellite can reused in quasi-earth-fixed scenario.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Further, the gNB can even schedule satellite 1 to provide beam coverage before the beam of satellite 0 moves away. Consequently, in the time duration the gNB is providing service for this area through two satellites simultaneously. This scenario is meaningful for providing connected state UE a seamless service. .
[bookmark: _Toc111018871][bookmark: _Toc111029756]Observation 7: Seamless service can be guaranteed by scheduling the upcoming satellite to provide beam coverage a little time before the current cell move away.
In this case, we can assume the cell is kept even the serving satellite changed, under this assumption we can propose some solution to reduce signalling overhead and energy consumption. In the following two sections, we investigate the potential impacts on cell reselection and handover procedure in PCI unchanged scenario.


Figure 3: PCI unchanged scenario
2.2.2 [bookmark: OLE_LINK40][bookmark: OLE_LINK41]Enhancements on Cell reselection
In R17, for UE in RRC_IDLE state and RRC_INACTIVE state, the cell broadcasts some NTN related information to UE in SIB19, like ephemeris and common TA parameters. These parameters are necessary in procedure of initial random access. Hence, UE needs to maintain the information. In PCI unchanged scenario, after the satellite changing from satellite 0 to satellite 1, the ephemeris and common TA are changed. The re-acquire of the SIB19 can be triggered by the T430 of SIB19. However the DL sync will be changed suddenly, In that case, RAN2 need to consider and identify the possible problems of UE acquiring the updated system information.
[bookmark: _Toc111018807][bookmark: _Toc111018910][bookmark: _Toc111018982]Proposal 6: RAN2 to consider and identify the possible problems of UE acquiring the updated system information in PCI unchanged scenario.
2.2.3 HO/CHO enhancements
In RRC_CONNECTED state, except the satellite specific information, e.g. the ephemeris and common TA parameters, the other configuration e.g. servingCellconfigCommon or servingCellConfig can be shared between the source and the target satellite. Then, the satellite specific information of target satellite can be preconfigured to the UE. And the shared part of the common configuration in the handover command or CHO configurations can be eliminated. In this way, the signaling overhead in handover procedure is reduced.
Furthermore, the handover procedure can be simplified to facilitate the procedure. Since the gNB hasn’t change, we can assume the UE still be served by the same cell but by different satellites. Instead of handover command that including reconfigurationWithSync, one synchronization indication can be used to switch the UE to target satellite. When the UE receives the synchronization indication, the UE starts to perform downlink and uplink synchronization to the target satellite. 
Apart from the network indication solution, the UE based solution can also be taken into consideration. Like CHO, when execution conditions are satisfied, the UE triggers downlink and uplink synchronization to the target satellite. The entering conditions similar to event D1 or T1 can be reused in this scenario.
[bookmark: _Toc101714152][bookmark: _Toc111018808][bookmark: _Toc111018911][bookmark: _Toc111018983]Proposal 7: when the PCI of the target satellite is the same as the source satellite, the handover procedure can simpliefied:
· The UE triggers synchoronization procedure to the target satellite when the UE receives the synchoronization indication from the source satellite or the execution conditions are satisfided.
· The shared configuration of the statellite can be reused by the UE.
3 Conclusion
In this document, we discuss the potential mobility enhancement for NTN. According to the analysis in section 2, the following observations and proposals are provided:
Observation 1: Currently CHO and cell reselection mechanism for quasi-earth-fixed cell is not applicable to earth moving cell scenario.
Observation 2: UE location reporting is beneficial to signalling reduction for handover considering the network can make smarter decision based on UE location information.
Observation 3: The movement of the UE will cause the execution conditions of time based CHO invalid.
Observation 4: The timing information is needed if event D1 is reused in earth moving scenario.
Observation 5: The quasi-earth-fixed cell frequency and PCI unchanged scenario can be realized by network deployment.
Observation 6: The unchanged common configuration of the target satellite with the same PCI as the source satellite can reused in quasi-earth-fixed scenario.
Observation 7: Seamless service can be guaranteed by scheduling the upcoming satellite to provide beam coverage a little time before the current cell move away.

Proposal 1: Real-time cell location information of earth moving cell should be considered for cell reselection. RAN2 discuss how to determine it.
Proposal 2: For earth moving cell, reuse the R17 location-based solution with taking real-time cell location information into consideration to initiate measurement on neighbour cells for RRC_IDLE and RRC_INACTIVE UEs.
Proposal 3: RAN2 to discuss whether to support taking serving time of earth moving cell into consideration for cell reselection criteria for earth moving cell scenario.
Proposal 4: For earth moving cell scenario, enhancements are needed to solve the problem of configuration invalid caused by UE mobility to support time based CHO.
Proposal 5: Enhancements are needed to assist the UE to perform location based CHO in earth moving scenario.
Proposal 6: RAN2 to consider and identify the possible problems of UE acquiring the updated system information in PCI unchanged scenario.
Proposal 7: when the PCI of the target satellite is the same as the source satellite, the handover procedure can simpliefied:
· The UE triggers synchoronization procedure to the target satellite when the UE receives the synchoronization indication from the source satellite or the execution conditions are satisfided.
· The shared configuration of the statellite can be reused by the UE.
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