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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
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 HO 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 HO common signalling. With this method, UEs in NTN cell could be configured at once and Uu interface overhead could be reduced.
Proposal 1: NW predicts the target NTN cell and broadcasts HO common signalling. 
In RAN2#121 meeting, the signalling gain of common HO configuration needs to evaluate further as following agreements shown:
Agreements:

1. Continue in the next meeting, to show the possible signalling gain of the proposal to have some common (C)HO configuration. FFS the number of cells that could be signalled. FFS whether broadcast or groupcast signalling could be used.

2. For location-based CHO for earth-moving cells we follow the solution being investigated for cell reselection to allow the UE to derive the serving cell’s reference locations as the cells move. FFS whether the same mechanism can also be used for the candidate cell’s reference location
According to TS 38.331, handover command is included in RRCReconfiguration message. The handover related IE is included in ReconfigurationWithSync, the structure is shown as follow:
ReconfigurationWithSync ::=         SEQUENCE {

    spCellConfigCommon                  ServingCellConfigCommon                                     OPTIONAL,   -- Need M

    newUE-Identity                      RNTI-Value,

    t304                                ENUMERATED {ms50, ms100, ms150, ms200, ms500, ms1000, ms2000, ms10000},

    rach-ConfigDedicated                CHOICE {

        uplink                              RACH-ConfigDedicated,

        supplementaryUplink                 RACH-ConfigDedicated

    }                                                                                               OPTIONAL,   -- Need N

    ...,

    [[

    smtc                                SSB-MTC                                                     OPTIONAL    -- Need S

    ]],

    [[

    daps-UplinkPowerConfig-r16      DAPS-UplinkPowerConfig-r16                                      OPTIONAL    -- Need N

    ]],

    [[

    sl-PathSwitchConfig-r17         SL-PathSwitchConfig-r17                                         OPTIONAL    -- Cond DirectToIndirect-PathSwitch

    ]]

}

Among many IEs, the IE ServingCellConfigCommon is used to configure cell specific parameters of a UE's serving cell. The IE contains parameters which a UE would typically acquire from SSB, MIB or SIBs when accessing the cell from IDLE. With this IE, the network provides this information in dedicated signalling when configuring a UE with a SCells or with an additional cell group (SCG). It also provides it for SpCells (MCG and SCG) upon reconfiguration with sync. What is more, smtc is also related to the target cell, which contains the SSB periodicity/offset/duration configuration of target cell. Thus, we think ServingCellConfigCommon and smtc of target cell can be broadcast to the UE to save the dedicated signalling overhead. 
Proposal 2: ServingCellConfigCommon and smtc of target cell can be broadcast to the UE to save the dedicated signalling overhead.
The selection of target cell is more complicated in NTN. The measurement report may not be the only factor for handover. 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 3: In NTN scenario, the selection of target cell is based on ephemeris and/or measurement report.
Considering the ephemeris, the prediction of NTN target cell is feasible, which is agreed in RAN2#119bis-e. We think configure the subsequent target NTN cells in a period at once is more effective, reducing frequent handover related signalling exchanging between NW and UE. For example, the measurement report may not be sent frequently for the reason UE has already known the target cells for a long time. 
Proposal 4: Configure the subsequent target NTN cells in a period at once to reduce signalling exchanging between NW and UE.
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: ServingCellConfigCommon and smtc of target cell can be broadcast to the UE to save the dedicated signalling overhead.
Proposal 3: In NTN scenario, the selection of target cell is based on ephemeris and/or measurement report.
Proposal 4: Configure the subsequent target NTN cells in a period at once to reduce signalling exchanging between NW and UE.
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