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1 Introduction

During moving around the earth, LEO-satellites form multiple beams projecting on Earth. As the LEO satellite is moving, these beams are also actually moving with time. This means, if a UE is static on earth to receive the signal from a satellite, the serving beam (or cell) of a UE will be changing over time. During the NR-NTN Study Item (SI), the impact of NTN on the connected mode mobility (i.e. handover) procedures have been discussed. It was recommended in 38.821 [1] that different improvements might be needed for efficient handover and connected mode mobility in NR-NTN. Table 1 below highlights the major RAN2 recommendations for Connected Mode mobility in NR-NTN [1].
 
Table 1: Major Recommendations from RAN2 on Idle mode Operations in NR-NTN
	●	Connected mode: 
-	Definition of schemes to reduce service interruption during Hand-Over due to large propagation delay (especially in the case of GEO transparent)
-	Definition of schemes to tackle frequent handover and high handover rate due to satellite movement (e.g. LEO NTN)
-	Definition of schemes to improve handover robustness due to small signal strength variation in regions of beam overlap 
-	Definition of schemes to compensate for propagation delay differences in the UE measurement window between cells originating from different satellites, especially for LEO NTN
●	Other mobility enhancements: 
-	Additional CHO triggering conditions (e.g. location/time based), and adaptation of measurement-based thresholds and events to the NTN environment.
-	Possible enhancements to mobility configuration (e.g. to support broadcast configuration)
-	Enhancements to measurement configuration/reporting (e.g. pre-triggering based solutions) 
-	Service continuity for mobility from TN to NTN and from NTN to TN systems


In this contribution, we provide our solutions for connected mode operations in NR-NTN.
2 Discussion
In terrestrial networks, cells are fixed, but UEs might be mobile according to different trajectories.  Thus, for mobility management, network needs UEs’ measurement report to select the best target cell for the UE. On the other hand, the situation is quite different in NTN, especially for LEO satellites. As shown in Figure 1, most of the LEO satellites travel at some speed relative to the earth. Thus, for LEO satellites, the cells are moving over time, albeit in a predictable manner.
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Observation 1: High speed of LEO satellites will result in frequent handovers and high handover rates of a large number of UEs.

Note that, Conditional Handover (CHO) is standardized in 3GPP Rel. 16 [2], where network transmits the RRC Reconfiguration (HO Command) message, with a handover (measurement) condition, early enough to increase the handover robustness. On receiving this RRC Reconfiguration message, UE evaluates the handover conditions and performs the actual handover when the measurement conditions are satisfied. In NR-NTN, the gNB can use this CHO with proper measurement conditions to increase handover robustness and cope up with frequent handover.

Proposal 1: RAN2 can use Rel. 16 Conditional Handover (CHO) for NTN, with suitable measurement threshold to increase handover robustness and cope up with frequent handovers.
Another important issue arises with high handover signalling overhead associated with the handover of a large number of UEs. Note that, as beam-spots (cells) are moving with the movements of LEO-satellites, all or most of the UEs of a particular cell need frequent handover. 

Observation 2: Frequent handover of all UEs in the satellite beam-spot (cell) incurs large handover signalling load in LEO-NTN.

As identified and discussed during the NR-NTN SI, broadcast configuration of handover signalling messages have the potential to reduce the handover signalling overhead in LEO-NTN. Network can broadcast all the UEs of cell the handover measurement conditions for efficient CHO, with reduced signalling overhead.

Proposal 2: RAN2 can use some type of broadcast configuration to send the handover measurement conditions, associated with CHO, to all the UEs of the cell to reduce the handover signalling overhead.

Large propagation delay in NTN is expected to result in high service interruption time. The problem is aggravated more in GEO-NTN, as handover results from UEs mobility. 

Observation 3: Large propagation delay will result in high service interruption time in NR-NTN.

This interruption time could be minimized by exploring Dual Active Protocol Stack (DAPS) handover solution, standardized in 3GPP Rel. 16 [2]. In DAPS handover, the mobile terminal allows the connection to the source cell to remain active for reception and transmission of user data, until it is able to send and receive user data in the target cell. This places a new requirement on the mobile terminal to simultaneously receive and transmit data in both the source cell and in the target cell for a short period during the handover procedure.

Proposal 3: RAN2 can use Dual Active Protocol Stack (DAPS) handover and its possible improvements to reduce handover interruption time in NR-NTN. 

3 Conclusion
In this contribution, we have the following observations and proposals regarding the connected mode mobility and handover operations in NR-NTN:
Observation 1: With both the “hard switch” and “soft switch” options, if a cell partly covers a TA region on the ground, all UEs that are registered to that TA need to be paged on that cell.
Proposal 1: RAN2 can use Rel. 16 Conditional Handover (CHO) for NTN, with suitable measurement threshold to increase handover robustness and cope up with frequent handovers.
Observation 2: Frequent handover of all UEs in the satellite beam-spot (cell) incurs large handover signalling load in LEO-NTN.
Proposal 2: RAN2 will use some type of broadcast configuration to send the handover measurement conditions, associated with CHO, to all the UEs of the cell to reduce the handover signalling overhead.
Observation 3: Large propagation delay will result in high service interruption time in NR-NTN.
Proposal 3: RAN2 will use Dual Active Protocol Stack (DAPS) handover and its possible improvements to reduce handover interruption time in NR-NTN. 
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