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1 Introduction

In Rel-18 WID on NR NTN enhancements, mobility enhancement is one of the major objectives.
	· 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 provide our views on mobility enhancements for connected mode UEs. 
2 Discussion 
2.1 Handover signalling enhancement
In NGSO scenarios, satellites (especially LEO satellites) are featured as high-speed moving. Considering scenarios C/D in [2], the relative speed of LEO satellite w.r.t. the earth can be as high as 7.56 km per second (i.e. 27216 km/h), which is in the level of 100x times compared to high-speed train. No matter whether UE is moving or stationary, this means that in the LEO scenario, almost all UEs in the same cell may encounter frequent handovers in very short period. If existing handover command is adopted, this would result in a lot of signaling overhead and especially these signalling will happen in a burst, since handover command is now carried in dedicated RRC signalling in the form of RRCReconfiguration message. 

Signaling burst raises challenges to the network since network may not have sufficient radio resources to transmit handover command for each concerned UE within short time. As a consequence, some UE’s handover command may reach later than others and this may cause too late handover and even handover failures. To solve this handover command signaling burst issue, one way is to reduce the size of handover command. For example, network can simply indicate a target cell in the handover command provided that UE has be configured with conditionalReconfiguration for that target cell. Since conditionalReconfiguration does not need to be provided within short period, the signalling burst issue can be alleviated. Regarding the signalling options, since only the target cell index needs to be signalled, RAN2 can even consider the MAC CE option instead of the RRC message. 
Proposal 1 To solve the signaling burst issue, RAN2 consider the design of including only the target cell ID/index in the handover command. The target cell’s configuration can be acquired through the pre-configured CHO configuration. FFS on the signaling options, e.g. MAC CE or RRC message. 
With above solution, signalling burst issue can be solved, but still the signalling overhead is large because network needs to provide CHO configurations for each UE and each CHO configuration contains a legacy handover command. If there are some common information between each UE’s CHO configuration or handover command that can be cut off and put in the SIB, then the resulting size of the RRC message will be reduced. Looking at the content of HO command, at least the IE ReconfigurationWithSync includes some configurations (e.g. t304 and spCellConfigCommon) that could be common to all UEs and can be considered to be put in SIB. For other UE specific configurations in the IE ReconfigurationWithSync, they are still carried in dedicated RRC signaling. 
	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

    ]]

}




Proposal 2 To reduce handover signalling overhead, some information in the handover command, e.g. t304 and spCellConfigCommon, that can be common to all UEs can be delivered to UEs in a broadcast manner.

2.2 Handover interruption time enhancement
In Rel-17 NR NTN, connected mode mobility enhancement is mainly about robustness enhancement in that CHO is enhanced with location-based and time-based execution conditions, and handover interruption time enhancement has been overlooked. Due to the long propagation delay, UE will suffer even longer handover interruption time in NTN than TN and thus bad user experience, and the major part of handover interruption time is contributed by the long latency in RACH procedure. In RAN#95e meeting, there are some Rel-18 proposals to enhance the NTN handover interruption time by considering DAPS handover, but they were not agreed by RAN plenary because DAPS handover requires complicated UE capabilities similar to DC which is not to be supported in Rel-18 NTN. We fully understand and support the RAN plenary decision of not considering DAPS handover in Rel-18, but we think handover interruption time should be enhanced in Re18 and RACH-less handover can be considered. In RAN2#119e, some companies raised concerns on RACH-less handover. In our understanding, skipping RACH during handover is similar to the case of skipping RACH (or not triggering RACH) after SIB19 is re-acquired upon valid timer expiry. The common part of both cases is that UE can use the re-acquired satellite ephemeris and common TA to calculate the actual TA (according to RAN1 defined TTA formula) for subsequent UL transmission. Therefore, RACH-less HO is feasible in NTN.
Proposal 3 Support RACH-less handover in Rel-18 NR NTN. 
3 Conclusion
Based on the discussion in section 2 we have following proposals: 
Proposal 1 To solve the signaling burst issue, RAN2 consider the design of including only the target cell ID/index in the handover command. The target cell’s configuration can be acquired through the pre-configured CHO configuration. FFS on the signaling options, e.g. MAC CE or RRC message. 
Proposal 2 To reduce handover signalling overhead, some information in the handover command, e.g. t304 and spCellConfigCommon, that can be common to all UEs can be delivered to UEs in a broadcast manner.

Proposal 3 Support RACH-less handover in Rel-18 NR NTN. 
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