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1 Introduction
The work item objective (WID) for Rel-18 enhancements in mobility aspects has been discussed in WG2 Meeting #119 and #119bis-e, and group-based handover has been identified to be a possible solution. This contribution carries on the discussion for potential solutions in improving the significant signalling overhead due to the large number of UEs under the broad LEO-satellite spot beam with frequent cell (beam) switching required.
2 Discussion
2.1 Group-based Handover
Group-based handover can be a method to reduce signalling overhead in LEO mobility, whereby UEs can be grouped by location or UE capability, etc, and common configuration i.e., RRC Connection Reconfiguration message is broadcast or group-cast to UEs in groups, as in Figure 1 below.
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Figure 1: Common configuration for HO
Each group can have a RNTI for PDCCH addressing for scheduling, and the legacy PDCP can be used for security. The deterministic satellite ephemeris can be used to estimate the target cell and predict trigger handover timing. This, however, can result in many RACH collisions, especially in high load scenarios. A potential solution is for UEs to back off randomly before initiating random access to overcome the potential large number of RACH collisions. Further study is to be conducted for RACH collision mitigation.
Proposal 1: Group-based handover can help to reduce some NTN HO signalling overhead by broadcasting or group-casting some common messages. Further study is to be conducted on exact UE grouping mechanisms.
Proposal 2: To overcome the potentially large number of RACH collisions, UEs can first back off randomly before initiating random access. Further study is to be conducted for RACH collision mitigation.
2.2 Delta Configuration
Signalling overhead in LEO mobility can be potentially reduced with the source cell only forwarding delta configuration to the target cell, as shown in Figure 2 below. This can include UE specific configuration and different satellite information. 
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Figure 2: Delta Configuration
The effectiveness of reducing signalling overhead depends on the amount of delta configuration. As in Figure 2, if the amount of UE specific configuration is much less than the common configuration between the source and target cells, then using this method can significantly reduce the signalling overhead. Conversely, if there is a lot of UE specific configuration, then this method may not be as effective. Any commonalities between the delta configuration of different UEs can also be broadcast or group-cast.
Proposal 3: Signalling overhead in LEO mobility can be potentially reduced with the source cell only forwarding delta configuration to the target cell. Further study in evaluating the amount of delta configuration only should be conducted to determine the amount of signalling overhead reduction.
2.3 Conditional Handover Enhancements
Group-based handover can be further improved by applying group-based or broadcast signalling in conditional handover RRC messages to all UEs belonging to the same RNTI. RAN2 will assume the conditions associated with Conditional Handover in Rel-17 NR-NTN as the baseline for Conditional Handover in NTN and continue further study on group-based conditional handover. In addition, CHO can be enhanced by making use of the satellite ephemeris information. As the satellite trajectory is deterministic, it is possible to predict when the satellite will arrive and when handover is required to take place. 
Proposal 4: LEO NTN can group-cast or broadcast Conditional Handover Command messages to the UEs in the group while making use of the deterministic satellite ephemeris to predict when and where handovers may take place.
In the case where UEs have low mobility and do not have uplink data to transmit, the gNB can use the DL RRC Connection Reconfiguration message to configure the UEs to the target cells without the need in sending the Uplink RRC Complete message. This can also help to reduce the signalling overhead in NTN handovers. Note that UEs will high mobility i.e., aeroplanes are not considered in this scenario. 
Proposal 5: UEs with low mobility and no UL data can apply the reconfiguration, transmitted by gNB in the DL Group Handover (RRC) message, without performing a subsequent UL access (e.g., RACH /HO Complete). This will significantly reduce the signalling load associated with frequent handovers.
2.4 RACH-less Handover
Timing Advance (TA) is an important parameter for target cell synchronization. Assuming the UE has GNSS capability and knows its own location, the UE can estimate the time of its handover and the corresponding System Frame Number (due to the deterministic nature of the satellite travel trajectory). This skips the RACH procedure and can significantly reduce handover signalling in NTN. RACH-less HO is currently under discussion in NR Mobility Work Item, and an LS is sent to RAN1 on specific scenarios where RACH-less HO is applicable to. RAN2 will use the outcomes of these discussions as a baseline for RACH-less HO in connected mode mobility.
Proposal 6: RACH-less HO is can be used to reduce signalling in NTN group-based HO assuming the UE knows its geographical location. This item awaits the discussion outcome of LS sent to RAN1 for specific HO scenarios that RACH-less HO may be applicable to.
2.5 PCI Unchanged
In the case of a handover with a feeder link switch requirement, there are considerations of a hard feeder link switch or a soft feeder link switch. The main motivation for using the same PCI is that from the UE perspective, nothing is changed at the service link. In the case of hard feeder link switch, all impacted UEs will need to be informed by the satellite of an unchanged PCI handover and initiate RA for synchronization. However, hard feeder link switch may bring potential service interruption. On the other hand, soft feeder link switching may not require service interruption, but maintaining the same PCI will be more complex – RAN2 should consult RAN1 on whether soft feeder link switch is possible, what changes are required and the level of complexity.
Proposal 7: Hard and soft feeder link switching poses a trade-off between potential service interruption and high L3 mobility. RAN2 should first consult RAN1 on whether soft feeder link switch is possible, and what changes are required.
4 Conclusions
Proposal 1: Group-based handover can help to reduce some NTN HO signalling overhead by broadcasting or group-casting some common RRC Connection Reconfiguration messages. Further study is to be conducted on exact UE grouping mechanisms.
Proposal 2: To overcome the potentially large number of RACH collisions, UEs can first back off randomly before initiating random access. Further study is to be conducted for RACH collision mitigation.
Proposal 3: Signalling overhead in LEO mobility can be potentially reduced with the source cell only forwarding delta configuration to the target cell. Further study in evaluating the amount of delta configuration only should be conducted to determine the amount of signalling overhead reduction.
Proposal 4: LEO NTN can group-cast or broadcast Conditional Handover Command messages to the UEs in the group while making use of the deterministic satellite ephemeris to predict when and where handovers may take place.
Proposal 5: UEs with low mobility and no UL data can apply the reconfiguration, transmitted by gNB in the DL Group Handover (RRC) message, without performing a subsequent UL access (e.g., RACH /HO Complete). This will significantly reduce the signalling load associated with frequent handovers.
Proposal 6: RACH-less HO is can be used to reduce signalling in NTN group-based HO assuming the UE knows its geographical location. This item awaits the discussion outcome of LS sent to RAN1 for specific HO scenarios that RACH-less HO may be applicable to.
Proposal 7: Hard and soft feeder link switching poses a trade-off between potential service interruption and high L3 mobility. RAN2 should first consult RAN1 on whether soft feeder link switch is possible, and what changes are required.
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