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1   Introduction
In RAN2 #105bis meeting[1], some basic agreements are made about NTN mobility: (1) NTN should support both, UEs with GNSS based positioning methods and UE without GNSS based positioning methods. (2) Satellite ephemeris, time and UE location can be used in RAN for mobility purposes in NTN.
In this contribution, we provide our consideration on LEO mobility issue in NTN.
2   Discussion
In terrestrial network, cells are fixed once deployed by operator, but UE is moving in an unpredictable way. In order to control the mobility for UE in connected mode efficiently, the network needs UE measurement report to choose the best target cell.
However, the situation is different from NTN system. All the satellites except GEO are moving by time relative to ground, although the movement of satellites is predictable.
If the geographical location and moving speed of a UE is known, LEO satellite can estimate the target cell for each UE at any given time based on satellite’s speed, direction and height from ground, instead of relying solely on UE’s measurement reports.
In RAN2 #104 meeting, we agree to capture the details of the satellite ephemeris, so it’s natural to consider handover mechanism based on satellite ephemeris in NTN system. We also assume not all UEs are capable of positioning, so we cannot assume that the network can always get UE location information to assist the satellite ephemeris based handover mechanism. If some UEs are not capable of positioning, another mechanism should be considered.
Observation 1: In NTN system, LEO satellites are moving relative to ground. The ephemeris information makes it possible to predict the movement of satellites.
In LEO system, receiving and processing measurement reports from UE might not be a feasible method, since the procedure will involve unacceptable signalling propagation delay and processing overhead. Signalling from thousands of UEs may be beyond LEO processing capability. 
What's more, it might incur additional delay or even loss of uplink measurement reports from UEs in the coverage of LEO satellite’s serving cell. Thus, LEO satellite may not be able to transmit RRC Connection Reconfiguration message in time.
Observation 2: Measurement Report based on legacy handover method might lead to unacceptable signalling propagation delay and processing overhead in LEO satellite system.
In spite of relative movement of LEO to the ground, the movement of satellites and satellite serving cells is predictable, due to the availability of satellite ephemeris. Satellite ephemeris information should be utilized by NTN system to help LEO mobility management and alleviate the effect from relative movement of LEO to the ground.
For UEs with GNSS positioning capability, UEs report the positioning information to serving LEO to assist mobility management. UE positioning information, combined with satellite ephemeris information, will help reduce the signalling and processing overhead incurred by mobility management. 
For UEs with GNSS positioning capability, measurement reports are secondary information, compared to positioning information and satellite ephemeris information. Measurement reports can be provided in a less frequent manner to relieve the processing burden of serving LEO and avoid the potential issues like mobility signalling latency, measurement validity [2].
Proposal 1: UEs with GNSS positioning capability report the positioning information to serving LEO to assist mobility management. And measurement reports are secondary and provided in a less frequent manner.
As the LEO serving cells are large relative to TN cells, and the radio conditions for many UEs will be similar, it makes sense to optimize the signalling process by making group-based signalling. For UEs with GNSS positioning capability, it will be more efficient for LEO satellites to group the UEs base on their locations, satellite's movement. Footprint of serving beam can be divided into geographical sub-sections, within which the UEs, as a group, transmit measurement report and receive handover command in a group manner.
So, group-based signalling includes two aspects: (1) Measurement reports can be transmitted to serving LEO in a group manner to reduce signalling overhead. (2) Handover command can be transmitted to UEs in a group simultaneously to reduce signalling overhead.
Proposal 2: For UEs with GNSS positioning capability, it will be more efficient for LEO satellites to group the UEs base on their locations, satellite's movement, and optimize the signalling process by making group-based signalling.
UEs without GNSS positioning capability mainly consist of low cost NB-IoT or eMTC terminals. Due to their low cost, low power, low processing capability, frequent HO between serving LEOs incurs higher power consumption at terminal side, which is critical for those types of terminals with battery supply. Frequent HO between serving LEOs also leads to overwhelming signalling overhead because of the much larger number of NB-IoT or eMTC terminals than eMBB terminals.
For low cost NB-IoT or eMTC terminals without GNSS positioning capability, serving LEO informs low cost terminals of the forthcoming serving interruption or the need of redirection to another serving LEO, with broadcast information from serving LEO. Serving LEO computes the timeline of the forthcoming serving interruption for a serving area, according to satellite ephemeris and satellite speed.
Proposal 3: For low cost NB-IoT or eMTC terminals without GNSS positioning capability, service interruption and redirection information may be broadcast from serving LEO to assist mobility management.

3   Conclusion
In this contribution, we considered LEO mobility issue, and we get the following observations and proposals:
Observation 1: In NTN system, LEO satellites are moving relative to ground. The ephemeris information makes it possible to predict the movement of satellites.
Observation 2: Measurement Report based on legacy handover method might lead to unacceptable signalling propagation delay and processing overhead in LEO satellite system.

Proposal 1: UEs with GNSS positioning capability report the positioning information to serving LEO to assist mobility management. And measurement reports are secondary and provided in a less frequent manner.
Proposal 2: For UEs with GNSS positioning capability, it will be more efficient for LEO satellites to group the UEs base on their locations, satellite's movement, and optimize the signalling process by making group-based signalling.
Proposal 3: For low cost NB-IoT or eMTC terminals without GNSS positioning capability, service interruption and redirection information may be broadcast from serving LEO to assist mobility management.
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