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[bookmark: _Ref165266342]Introduction
In RAN2#119e [1], the initial agreements regarding enhancements to IDLE/INACTIVE mobility were achieved as follows:
Agreements:
1. [bookmark: _Hlk115186289]RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means). 
2. RAN2 to work on assistance information that can be provided to NTN UEs for the above.
3. Cell reselection enhancements (for both NTN-NTN and NTN-TN mobility) are considered for both Earth-moving and (quasi-)Earth-fixed scenarios, at least via the use of system information for broadcasting necessary parameters (dedicated signalling is not precluded). FFS whether the same or different solutions are used for Earth-moving and (quasi-)Earth-fixed scenarios 
To accomplish the objectives in the WID [2], we provide our analyses regarding IDLE/INACTIVE mobility mainly including the following three aspects:
· Location-based cell reselection for earth-moving cell;
· Time-based cell reselection for earth-moving cell;
· Power saving for the NTN-TN mobility.
Furthermore, with respect to enhancements on CONNECTED mobility for signalling reduction, we also provide our analyses and proposals on this topic in this contribution.
Discussion
Idle/Inactive mobility enhancements
Location-based cell reselection for earth-moving cell
According to the objectives in the WID, one objective is to enhance location-based cell reselection operation for the earth-moving cell case. Earth-moving cell’s coverage keeps moving over the earth surface over time. In order to adapt Rel-17 distance-based measurement mechanism into the earth-moving cell, a UE should determine its distance from a time-variant reference location of an earth-moving cell at each moment. This is different from what was discussed in Rel-17 for the quasi-earth fixed cell case where a certain reference location is configured without such time-variant attribute. Therefore, on top of Rel-17 location-based cell reselection mechanism, how the UE acquires/determines time-variant reference location of the earth-moving cell needs to be resolved in Rel-18.
From our perspective, there could be several ways to address this issue. For example, one possible solution is that a rule on how the reference location changes over time (e.g. taking the reference location as a function of time) could be configured to the UE by the NW, so that the UE can calculate real-time reference location based on the rule and the current time. As another example, the UE may be configured by the NW with the reference location which needs to be updated/re-acquired after a validity time (e.g. after validity timer expiry, or after a given periodicity configured by the NW). RAN2 needs to discuss the solution to be adopted for the UE to determine the time-variant reference location for the location-based cell reselection enhancement.  
Proposal 1: RAN2 to discuss how the UE determines time-variant reference location of the earth-moving cell (e.g. UE calculation based on a rule on how reference location changes over time, acquiring/re-acquiring the reference location based on a validity time, etc.).
Once the UE has a means to determine the reference location in the earth-moving cell, we think the location-based measurement mechanism for cell reselection as specified in Rel-17 NTN for quasi-earth fixed cell case can be reused in the earth-moving cell case as well. That is, if the distance between UE and the serving cell’s reference location is larger than a threshold configured, the UE should start measurement for cell reselection.
Proposal 2: For the earth-moving cell case, the UE should start measurement for cell reselection, if the distance between UE and the serving cell’s reference location determined/acquired by the UE is larger than a threshold configured.
Time-based cell reselection for earth-moving cell
With respect to the time-based cell reselection, the stop time of the quasi-fixed cell is common for all UEs camping in the cell regardless of the reason for stopping serving the area (i.e., due to service-link switch or feeder-link switch). So, broadcasting one single stop time (i.e., t-Service) to reflect the loss of coverage of the serving cell in both cases is sufficient in the quasi-fixed cell case in Rel-17. 
However, in the earth-moving cell case, although the stop time in a cell due to feeder-link switch is still the same for all UEs distributed in the cell, UEs distributed in different places in the cell may face different stop time that is caused by the service-link switch. Therefore, the stop time due to service-link switch and that due to feeder-link switch may need different handling. Specifically, considering its similarity to the stop time introduced for the quasi-fixed earth cell (i.e. common stop time to all UEs), handling of the stop time caused by the feeder-link switch in earth moving cell may follow a similar mechanism specified in Rel-17, i.e. a configured t-Service with related procedure in TS 38.304. By contrast, for the stop time due to service-link switch, the UE may need to derive the stop time based on the time-variant reference point of the serving cell and its current location, and carries out measurements for cell reselection when it determines that the stop time of the serving cell is getting close. Also, from a system-level perspective, some UEs in an earth moving-cell (e.g. those with high mobility) may start measurements due to the stop time caused by service-link switch, whereas some other UEs (e.g. those staying still) not having been impacted by the service-link switch yet may alternatively initiate the measurements due to the stop time caused by feeder-link switch at the same time. This also justifies the need for differentiated handling of these two types of stop time.
To this end, we propose that both the stop time due to feeder-link switch and the stop time due to service-link switch should be considered for the time-based cell reselection enhancement, and two types of stop time should be supported in the earth-moving cell case. Specifically, one stop time is configured by the NW to cover the feeder-link switch case, while the other is determined by the UE based on the time-variant reference point to cover the service-link switch case. The UE shall start neighbour measurements before either type of stop time is reached (e.g. though the UE may not necessarily be made aware of whether a stop time is caused by service-link switch or feeder-link switch[footnoteRef:1]). [1:  The above analyses towards service link switch and feeder link switch only aims to illustrate why two types of stop time may need to be considered in the cell-moving cell case, but do not intend to make specific cause of a stop time visible at the UE side. ] 

Proposal 3: For the time-based cell reselection enhancement in the earth moving cell case, two types of stop time (which intends to handle the stop time due to service-link and that due to feeder-link respectively) should be supported. 
Proposal 4: Similar to the t-Service, the gNB configures a serving cell stop time that covers the stop time due to feeder-link switch in the earth-moving cell case. RAN2 to further discuss how the UE determines the stop time due to service-link switch. 
Proposal 5: The UE should start neighbour cell measurements before either type of stop time is reached.
Power saving for the NTN-TN mobility
Another objective for the IDLE/INACTIVE mobility enhancement is power saving for the NTN-TN mobility. Some initial agreements were reached in the last meeting:
1. RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means). 
2. RAN2 to work on assistance information that can be provided to NTN UEs for the above.
Since the measurement for cell reselection is at a frequency level, from our perspective, the assistance information can be provided at a frequency level as well. For a TN-only frequency, the area associated with that TN-only frequency’s coverage can be broadcast to assist UE to decide whether to perform measurements. When UE is not within/adjacent to the coverage area associated with a TN-only frequency, the UE does not measure the corresponding TN-only frequency.
[bookmark: _Hlk110332482]Proposal 6: The area associated with a TN-only frequency’s coverage can be broadcast in an NTN cell as the assistance information. When a UE is not within/adjacent to the coverage area for a TN-only frequency, the UE does not measure that frequency.
Connected mobility enhancements
The objective of connected mode mobility is to reduce the signalling overhead for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell. We think that there could be the following two directions that can be considered for RAN2 discussion.
2.2.1	Broadcast/Multicast based HO configuration
One direction is to provide the common part of the handover signalling via broadcast or multicast manner. It can be observed that LEO satellites are typically featured as high-speed motion, the relative speed of the satellite to the earth can be as high as 7.56 km per second. Almost all UEs covered by the NTN cell need to perform handover frequently in very short period, regardless of whether the UE is moving or stationary. In addition, the coverage area of an NTN cell is typically much larger than that of a TN cell, the number of UEs served will also be huge. If the existing handover signalling (i.e., dedicated signalling from the NW to UE) is adopted, such frequent handover would result in significant signalling overhead.
Therefore, we think one effective method to reduce the signalling overhead for a large number of UEs due to frequent handover is to send the common part of the handover related configuration via a broadcast or multicast manner. In such a way, from a system-level perspective, the overall signalling overhead to support the handover of a large number of UEs in an NTN cell can be reduced. Also, such a broadcast/multicast based handover related parameter provisioning can be a reasonable/feasible way in NTN scenarios. As an example, considering feeder-link switch occurs in quasi-fixed cell and earth-moving cell, all UEs in the cell need to perform handover to another cell almost simultaneously. Usually, the target cell of most UEs would be the same in such scenario, and the target cell-related configuration (e.g., spCellConfigCommon in ReconfigurationWithSync) is the same for these UEs at least. So the common part of the HO command can be broadcast. On the other hand, considering service-link switch occurs in earth-moving cell, part of UEs in the cell (e.g. those located in proximity) may need to perform handover at nearly the same time, but the target cell for the UEs located at different places in an NTN cell may not be always the same. So UEs would be divided into different groups (e.g. by their positions in the cell), and the network can provide the handover configuration to each group of UEs via multicast signalling.
To sum up, we have the following proposal for the connected mode mobility enhancement:
[bookmark: OLE_LINK6]Proposal 7: The common part of the HO command can be sent via broadcast or multicast signalling.
2.2.2	HO signalling saving for service-link switch in quasi-earth fixed cell
The other direction is to save the L3 mobility signalling in the case of service-link switch in NTN with quasi-fixed cells. Specifically, there was the agreement in Rel-17 that such service-link switch implies PCI change, which aims to make this scenario directly covered by L3 mobility in Rel-17. From our perspective, since the typical case for the service-link switch is that only the satellite that provides the coverage to the area is changed, but the gNB that the satellites are connected with on the ground remains the same, changing the cell and initiating L3 mobility to a UE within the area is not actually necessary. Instead. such service-link switch for the quasi-earth fixed cells could be considered as changing of coverage provided by different satellites’ service links, which could be modelled as change of beams/BWPs rather than L3 handover (see below figure 1). In this way, a UE may only need to perform DL/UL sync. to the new satellite covering this area and is thus not necessarily reconfigured for most of the parameters. Therefore, signalling related to reconfigurations for these unchanged parameters during L3 mobility procedures can be saved.
[image: ]
Figure.1 a) Rel-17 agreement; b) Change of Beam/BWP.
Proposal 8: RAN2 to discuss how to support service-link switch without initiating L3 mobility (e.g. by BWP/beam switch) for the quasi-earth fixed cell case.
Conclusions
[bookmark: _Toc502437832]Based on the analyses given above, we have the following proposals:
Proposal 1: RAN2 to discuss how the UE determines time-variant reference location of the earth-moving cell (e.g. UE calculation based on a rule on how reference location changes over time, acquiring/re-acquiring the reference location based on a validity time, etc.).
Proposal 2: For the earth-moving cell case, the UE should start measurement for cell reselection, if the distance between UE and the serving cell’s reference location determined/acquired by the UE is larger than a threshold configured.
Proposal 3: For the time-based cell reselection enhancement in the earth moving cell case, two types of stop time (which intends to handle the stop time due to service-link and that due to feeder-link respectively) should be supported. 
Proposal 4: Similar to the t-Service, the gNB configures a serving cell stop time that covers the stop time due to feeder-link switch in the earth-moving cell case. RAN2 to further discuss how the UE determines the stop time due to service-link switch. 
Proposal 5: The UE should start neighbour cell measurements before either type of stop time is reached.
Proposal 6: The area associated with a TN-only frequency’s coverage can be broadcast in an NTN cell as the assistance information. When a UE is not within/adjacent to the coverage area for a TN-only frequency, the UE does not measure that frequency.
Proposal 7: The common part of the HO command can be sent via broadcast or multicast signalling.
Proposal 8: RAN2 to discuss how to support service-link switch without initiating L3 mobility (e.g. by BWP/beam switch) for the quasi-earth fixed cell case.
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