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1. Introduction 
Rel-18 NR NTN (Non-Terrestrial Networks) enhancements work item’s objective is as following[1]. This paper discusses on the NTN-TN and NTN-NTN measurement/mobility enhancement.
· 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]
· 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]

2. Discussion
2.1 Enhancement of cell reselection between NTN and TN cells
NTN network is useful and preferable for operators to cover the areas that base stations or cables are difficult to set up (e.g. sea, mountainous areas). Usually, NTN cell coverage can cover hundreds of kilometres and overlaps with TN cell coverage or discontinuous with TN cell, so cell reselection between NTN cell and TN cell is necessary for NTN UE. Generally, we think there are some inefficient cell reselection cases since NTN UE is not aware of TN cell. For instance, in the following figure1, assume NTN UE in the sea area, as NTN UE is not aware that there is no TN cell around, it may keep searching TN cell continuously, which is inefficient for UE power consumption. Also, another case is when NTN UE arrived on the island where TN cell coverage exists, due to the lack of awareness of TN cell, NTN UE may keep the connection with NTN cell without doing cell reselection to TN cell. Since TN cell is more preferable for UE to reselects than NTN cell for a lot of reasons (e.g. shorter propagation delay, lower UE power consumption, etc), therefore prioritization on selecting TN cell over NTN cell should be done for the latter case.
To solve the issues above, one way is to notify UEs of the cell type (NTN or TN) and location info of neighbour cells in SIB. As UE can be aware of its own location info through GNSS, and by comparing location info of neighbour cell and its own location, UE is able to know whether TN cell is around itself. Another way is user can switch to NTN or TN cell connection through OS manually, and UE send its preference of NTN connection or TN connection to the network over UE Assistance Info message.
Observation1: There are inefficient cell reselection cases since NTN UE is not aware of TN cell as following

· Case1: NTN UE is not aware that there is no TN cell around, it may keep searching TN cell continuously, which is inefficient for UE power consumption. 

· Case2: when NTN UE arrived on the island where TN cell coverage exists, due to the lack of awareness of TN cell, NTN UE may keep the connection with NTN cell without doing cell reselection to TN cell.
Proposal1: RAN2 to discuss the following solutions to solve the inefficient cell reselection between NTN and TN cells.
Alt1: Broadcast the cell type (NTN or TN) and location info of neighbour cells in SIB. 
Alt2: user can switch to NTN or TN cell connection through OS manually, and UE send its preference of NTN connection or TN connection to the network over UE Assistance Info message when it’s RRC connected.
Proposal2: Based on the cell type (NTN or TN) and Location info of neighbour cells broadcasted in SIB, UE switch off the TN cell searching if there is no TN cell around, and resume TN cell searching if there is TN cell nearby.
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Figure1: illustation of NTN UE cell reselection between NTN cell and TN cell
2.2 NTN-NTN mobility enhancement
For quasi-earth fixed cell or earth-moving cell, since the serving cell coverage is not fixed against the ground, all UEs in the cell need to do handover when the corresponding NTN cell’s service time is expired. As all the UEs in the cell need to do handover at the time, signaling storm (e.g. measurement report, HO command, RACH, etc) may happen. In order to avoid the handover signaling storm, we propose to introduce UE group based handover for NTN quasi-earth fixed cell or earth-moving cell . UE can be grouped based on distance between UE and target cell. For instance, UEs who are close to the target cell can be grouped into group A and they could be prioritized to do handover to target cell. Prioritizaiton means gNB preferentially send HO request message to target gNB for groupA UEs and also prioritize to send HO command to them. The UEs who are far from target cell can be grouped into group B. Source gNB can deprioritize to send HO request message to target gNB and include backoff indication in HO command to deprioritize the handover for groupB UEs. UE grouping are not limited with A and B, multiple UE gourps can also be created to disperse the handover timing. By using this group based handover method, as UEs are distributed in each group for doing handover at different timing, handover signaling storm can be avoided.
Observation2: For quasi-earth fixed cell or earth-moving cell, when NTN cell service time is expired, all the UEs in the cell need to do handover at the same time, handover signaling storm (e.g. measurement report, HO command, RACH, etc) may happen.

Proposal2: Introduce UE group based handover for quasi-earth fixed cell or earth-moving cell. 

Proposal3: For UE group based handover, UEs in a group close to the target cell can be priroritized to handover to target cell. (e.g. source gNB preferentially send HO request message to target gNB for this group of UEs and also prioritize to send HO command to this groups of UEs)

Proposal4: For UE group basd handvover, UEs in a group far from the target cell can be deprioritized to handvoer to target cell (e.g. Source gNB can deprioritize to send HO request message to target gNB and include backoff indication in HO command to deprioritize the handover for this group of UEs)
3. Conclusion 

Based on the discussion in the previous sections, we made the following proposals:
Observation1: There are inefficient cell reselection cases since NTN UE is not aware of TN cell as following

· Case1: NTN UE is not aware that there is no TN cell around, it may keep searching TN cell continuously, which is inefficient for UE power consumption. 

· Case2: when NTN UE arrived on the island where TN cell coverage exists, due to the lack of awareness of TN cell, NTN UE may keep the connection with NTN cell without doing cell reselection to TN cell.
Observation2: For quasi-earth fixed cell or earth-moving cell, when NTN cell service time is expired, all the UEs in the cell need to do handover at the same time, handover signaling storm (e.g. measurement report, HO command, RACH, etc) may happen.

Proposal1: RAN2 to discuss the following solutions to solve the inefficient cell reselection between NTN and TN cells.
Alt1: Broadcast the cell type (NTN or TN) and location info of neighbour cells in SIB.
Alt2: user select NTN or TN cell connection through OS, and UE send it preference of NTN connection or TN connection to the network over UE Assistance Info message when it RRC connected.
Proposal2: Introduce UE group based handover for quasi-earth fixed cell or earth-moving cell. 

Proposal3: For UE group based handover, UEs in a group close to the target cell can be priroritized to handover to target cell. (e.g. source gNB preferentially send HO request message to target gNB for this group of UEs and also prioritize to send HO command to this groups of UEs)
Proposal4: For UE group basd handvover, UEs in a group far from the target cell can be deprioritized to handvoer to target cell (e.g. Source gNB can deprioritize to send HO request message to target gNB and include backoff indication in HO command to deprioritize the handover for this group of UEs)
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