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1 Introduction

RAN has approved NTN enhancement in R18. According to the latest WI description [1], the mobility enhancement is one of the objectives and the details are shown as follow:
4.1.4
NTN-TN and NTN-NTN mobility and service continuity enhancements

This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

· 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]

In this contribution, we will focus on reduction of handover overhead in NTN from RAN2.
2 Discussion
According to RAN2#119-bis meeting, the system information could include necessary parameters to assist UE to estimate the coverage of NTN serving cell. The details of the agreement are highlighted as follows:

Agreements:

1. System information is the basic means for providing necessary parameters to assist UE to estimate when the serving cell stops providing coverage at the present UE location.

2. UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.

3. The method of detecting the transmission energy or SIB presence to determine the NTN coverage when a UE currently camps on a TN cell is not pursued.

4. In Earth-moving cell, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE
Even though this agreement is motivated for reducing the power consumption of cell reselection, we think it is also useful for handover. In TN scenario, handover is mainly caused by UE movement. However, the coverage change of satellites accounts for a large proportion of handover reason. UEs in the same coverage of NTN may have the same target cell and share many handover related parameters. According to TR 38.821, the time range to next HO is about 6s to 130s. Thus, it is necessary to reduce signalling overhead in such frequent mobility. 
Thanks to the ephemeris, the target satellite and related cell can be predicted by network. RAN2 has confirm this agreement as follows:
Agreements:

1. RAN2 confirms that at least for the moving cell case the next serving cells can be largely predicted in NTN (at least for UEs not at the cell edge) thanks to the existence of predefined satellite orbits and negligible UE’s mobility in comparison to satellite’s motion (we can further discuss at the next meeting whether this applies to idle mode UEs as well)

2. New Proposal 2: RAN2 continues the discussion (e.g. at RAN2#120) on the solution with keeping the same PCI after switching of the satellites. Clarify at least the following: 


•
RAN1 impact


•
The need to perform UL beam switching and/or RA 


•
Applicability to hard or soft satellite switching

Based on the agreements mentioned above, it is straightforward to predict the target NTN cell and broadcasts its configuration for handover. UEs execute the handover based on the coverage related information.
Proposal 1: NW predicts the target NTN cell and broadcasts the configuration in SIB. UEs execute the handover based on the coverage related information.
Since the coverage of NTN cell is broadcast, the measurement report may not be needed. Even the measurement report of neighbour cell is good for handover, it may not provide long term service due to the movement of satellites. In legacy handover, measurement report is used to choose target cell. However, in NTN scenario, the selection of target cell is based on ephemeris and/or measurement report.
Proposal 2: In NTN scenario, the selection of target cell is based on ephemeris and/or measurement report.
If the target cell is selected, UE will perform RACH procedure to synchronize with it. At RAN2#119-bis meeting, whether to support RACH-less handover is a heated discussion. Finally, RAN2 decide to send LS to RAN1 to solve this divergence. 
Agreements

1. RAN2 can further consider whether some information in the handover command that can be common to all UEs, can be delivered to UEs in common signalling and if there is real benefit (in terms of signalling overhead reduction) in this

2. Send an LS to RAN1 (cc RAN4) listing the scenarios (intra-satellite, inter-satellite with same or different feeder links) and check with RAN1 in which scenarios RACH-less is possible (with no indication of RAN2 preference)

Even though RAN2 finally does not indicate of preference in the LS sent to RAN1. However, we think if RAN1 think RACH-less is possible, this feature is useful to reduce signalling overhead. Since the current network structure is based on transparent payload, we think 2-step RACH is also has advantages on feeder link overhead. Considering the amount of handover UEs in NTN cell is large, RACH-less and 2-step RACH can also avoid the random access confliction with separate RO and preamble.
Proposal 3: Support RACH-less and 2-step RACH to reduce signalling overhead and RACH confliction.
3 Conclusions 
In this contribution, we have the following observations and proposals: 
Proposal 1: NW predicts the target NTN cell and broadcast the configuration in SIB. UEs execute the handover based on the coverage related information.
Proposal 2: In NTN scenario, the selection of target cell is based on ephemeris and/or measurement report.
Proposal 3: Support RACH-less and 2-step RACH to reduce signalling overhead and RACH confliction.
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