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1. Introduction

In RAN4#99-e meeting, one WF on NTN RRM was approved in [1]. Most items are open. This contribution provides further analysis on mobility requirements in NTN. 
2. Discussion
CHO is a solution to solve the near-far effect in NTN as shown in Figure 1. 
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Figure 1 Near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN [2]

In TN network, the RSRP/RSRQ values are significantly different between cell center and cell edge since the TN cell coverage is limited. In NTN network, since the obit of satellite is extraordinary high, e.g. the altitude of GEO is about 35,786 km, the signal from the satellite is almost vertical to the ground which leads to the little difference of signal strength between the centre and the edge of NTN cell. Therefore it is hard for network to judge the exact point to send handover command in NTN cell. To deal with the handover issue, CHO is a solution in NTN. In CHO, gNB sends handover command to UE earlier, and when the handover trigger condition is met UE starts handover execution automatically. 
Timer based CHO, time based CHO and location based CHO were discussed in RAN2. In the last RAN2 meeting (RAN2#114e), the location triggered CHO has reached the following consensus:

Agreements via email (from offline 104 - second round):

1. CHO time trigger event is defined as time duration [t1, t2] associated for each CHO candidate cell. The UE shall execute CHO to that candidate cell during the time duration, if all other configured CHO execution conditions will apply and there is only one triggered candidate cell.
2. Same CHO trigger conditions and RRM events can be used within NTN and NTN-TN mobility provided these are supported by the UE. NTN-TN means both “from NTN to TN (hand-in)” and “from NTN to TN (hand-in) and from TN to NTN (hand-out)". FFS for enhancements.
Regarding time based CHO, the timing information in time based CHO is used to describe the time (i.e., t1) after which the UE is allowed to execute CHO to the candidate target cell and UE needs to complete CHO before time t2. RAN2 is discussing whether the time information is absolute time or not, e.g., based on UTC or system frame number. Compared with the existing CHO, an additional time duration which is used for waiting for CHO execution is introduced. This procedure is new, and whether the existing CHO delay can be applied needs further discussion. For example, in existing CHO delay, TEvent_DU is defined as the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover. If reusing the same TEvent_DU definition, the time information in NTN is included in TEvent_DU and can not be explicitly embodied in specification. Another point is whether the starting point of CHO delay is still from the point where the handover command is correctly decoded for time based CHO. In this way the handover delay will be prolonged compared with the current CHO procedure. Therefore we suggest to further discuss the handover delay definition of time-based CHO in NTN in RAN4.
Proposal 1: RAN4 shall discuss how to define time-based CHO delay in NTN.
Regarding the location based CHO trigger, the motivation about location based trigger is to provide the cell coverage information to UE, then UE can determine if it is in the coverage of current serving cell or out of coverage, and decide if a CHO should be triggered. In RAN2#113bis-e meeting, it has been agreed to use the distance between the UE and the reference location of the cell (serving cell or the target cell). In the last RAN2 meeting (RAN2#114e), the further progress regarding location triggered CHO has reached:
Agreements via email (from offline 104):

1. Support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. FFS if combination can be allowed.

2. The reference location for the event description is defined as cell center.

To defining the location based CHO delay requirements, similar issue arises as for time-based CHO. Handover command may be sent to UE a long time ago before UE meets the location and RSRP criterion and decides one candidate cell to perform RACH. The starting point of the existing CHO delay is when UE successfully decoded the handover command. If the legacy definition is used, then the location based CHO delay will be large. Therefore we also suggest to further discuss the handover delay definition of location-based CHO in NTN in RAN4.
Proposal 2: RAN4 shall discuss how to define location-based CHO delay in NTN.
It shall be noted that only location based or only time based CHO is not supported. In other words, in R17 NTN joint configuration of location and RSRP triggered CHO or joint time and RSRP triggered CHO is supported.
Agreements online:

1. For CHO, joint configuration of location and RSRP as well as time and RSRP triggers are supported.

2. For idle mode reselection, based on configuration NTN UE can prioritise TN over NTN. Configuration details FFS

3. Conclusion
This contribution provides the analysis on mobility requirements in NTN. Below the proposals are summarized:

Proposal 1: RAN4 shall discuss how to define time-based CHO delay in NTN.
Proposal 2: RAN4 shall discuss how to define location-based CHO delay in NTN.
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