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Introduction 
For Rel-18 NR NTN enhancements [1], one objective is to further enhance handover performance. And in RAN2#119bis meeting, the following agreements were achieved:
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

Agreements:
1. Continue the discussion (in future meeting) on group HO / “UE specific pre-configuration of the target cell + group HO” indication in the next meeting, also on the possible real benefits

In this paper, we provide our views on NTN-NTN 2-step handover and compare it with other candidate solutions.
Discussion 
NTN handover issues
As it was discussed in Rel-16 NTN SI and captured in TR 38.821, there are two handover cases in which many UEs need to perform handover simultaneously: case (1) moving cell, and case (2) soft feeder link switch. These two cases are further discussed below.
Case 1: moving cell case
In moving cell case, the satellite footprint slides over on the earth along with the movement of a LEO satellite. Considering the NTN cell diameter size is at least 50km, and the satellite speed is 7.56km/s, this implies that every 6.61 seconds up to 65519 UEs in this cell may need to be handed out of current cell, while new UEs (up to 65519 UEs) need to be handed into the new cell. On summary, the worst case is that every second, network needs to hand out 10000 old UEs and hand in 10000 new UEs. Figure 1 below illustrates the potential movement of the NTN cell’s footprint here explained.
[image: ]
Figure 1: Transition of UEs as a cell moves completely out of original coverage area

Case 2: soft feeder link switch
The feeder link is the radio link between satellite and gateway. Due to e.g., maintenance, traffic offloading, or (for LEO) due to the satellite moving out of visibility with respect to the current NTN GW, a feeder link switch may happen, i.e. a satellite might change the gateway that it connects to. The following Figure 2 show an example of this operation. At time T1.5, all UEs in a cell 1 (handled by gNB 1) need to be handed over to a cell 2 (handled by gNB 2) when the satellite is able to connect to two gateways simultaneously during the switch from gateway 1 (GW1) to gateway 2 (GW2). This case 2 is called a soft feeder link switch.
[image: ]
Figure 2: Feeder link switch over for LEO transparent satellite with two feeder links serving the satellite during the switch (i.e., soft feeder link switch)

Based on the analysis above, the main handover issue due to simultaneous handovers of a large amount of UEs can be summarized as follow:
[bookmark: _Hlk110593108]Signalling congestion of handover commands and RACH congestion towards the same target cell. Due to the satellite movement, or the soft feeder link switch, many UEs may need to handover to another serving cell in a very short period. During the handover procedure, there are several signalling/messages exchanged between UE and network, the signalling overhead is quite large which may lead to signalling congestion. And when many UEs perform RACH towards the same target cell simultaneously, the RACH congestion also happens. 
Observation 1: the main handover issue in earth-moving cells and soft feeder link switch is signalling congestion of handover commands and RACH congestion towards the same target cell.

Candidate solutions
To address the mentioned issues, some enhancements had been discussed, e.g., common handover command, group handover and 2-step handover.
Common Handover command (candidate solution #1)
For common handover command, network can generate a common handover command for a group of UEs or all UEs, in order to reduce signalling overhead. But each handover command should be UE specific considering different UEs may have different UE capabilities. The main common part shared by all UEs is only the common configurations of target cell, e.g., ServingCellConfigCommon within IE ReconfigurationWithSync and T304. Moreover, these common configurations of handover command have to be broadcast for all UEs frequently, considering there may also be several candidate target cells for the UEs in current serving cell. Therefore, more signalling overhead can be foreseen which mitigate the benefit of signalling reduction of handover commands. In conclusion, the benefit of common handover command is marginal from signalling overhead perspective.
Observation 2: the benefit of common handover command is marginal from signalling overhead perspective, considering there may be several candidate target cells for the UEs in current serving cell and these common configurations of handover command have to be broadcast for all UEs frequently.
Group Handover (candidate solution #2)
For group handover, one message is used to trigger handover execution for a group of UEs, in this way the benefit is the timing of RACH towards target cell is controlled by network, and it can also mitigate the congestion of RACH, e.g., send group handover command to different UE groups at different times. But if the group handover implies a group handover command (the same configurations of target cell are applied to all UEs receiving this handover command), we are not sure if it’s feasible to introduce this group handover command. It may only be possible when all the UEs in a group have the same UE capabilities and the target cell also allocate the same resources to them.
Observation 3: Group handover can be used to trigger execution of handover for a group of UEs allowing network to control the timing of RACH towards the target cell. However its applicability would only be limited to UEs that share same capability and target cell allocate same resources to them.
2 Step Handover (candidate solution #3)
As a good balance, the 2-step handover solution can be applied, i.e., UE specific pre-configuration of the target cell + group HO indication.
Observation 4: 2 step handover solution refers to allocating UE specific pre-configuration of the target cell and a group handover indication.
The first benefit of 2-step handover is that the pre-configuration in 2-step handover can mitigate the congestion of the handover command. As explained in above cases (1) and (2), when many UEs need to perform handover simultaneously due to movement of the satellite, it means network needs to send handover commands to all of them simultaneously too. A handover command refers to the RRCReconfiguration message which may include many UE specific configurations according to a UE’s capability and the cell’s state of resource utilization. Moreover, typically, the handover command is a large RRC message. Therefore, it is hard for network to send handover commands to many UEs at the same time. As CHO has been supported in Rel-17 NR NTN, the handover command can already be provided to UE in advance. Network can send handover commands to different UEs at different times to mitigate the congestion of handover commands. 
Observation 5: the pre-configuration in 2-step handover can mitigate the congestion of handover command.
[bookmark: _Hlk118330338]The second benefit of 2-step handover is to minimize RACH congestion by controlling the timing of handover execution. To mitigate the preamble congestion, network can control the timing of preamble transmission, i.e., the timing of handover execution can be controlled by network. Although in time-based CHO, a time period [T1, T2] can be indicated to UE, it seems hard to shorten the length of this period and allocate different time slots to different UEs, as the configuration of [T1, T2] mainly depends on the coverage status of target cell, i.e., the [T1, T2] could be common for all/a large number of UEs. Another drawback of time-based handover is that a [T1, T2] is pre-configured to UE, and this mechanism may not work well to adapt to the change of service requirements, e.g., in case a URLLC service is started after a crowded [T1, T2] is configured to the UE, but for URLLC service the reliability of handover should be guaranteed with less congestion. To allow more scheduling flexibility (e.g., to prioritize the handover for UE with ongoing data transmission/reception), or reduce the probability of congestion for URLLC services, the timing of handover execution can be indicated by network explicitly (e.g., by a second indication from network). 
Observation 6: the separate indication to trigger the handover execution in 2-step handover allows network prioritization of UEs based on current ongoing service requirements, as well as, also with the benefit of minimizing RACH congestion.
To be more specific, the 2-step handover can be operated as follows:
· Step 1: the network provides the configuration of candidate cells in advance.
· Step 2: the network sends an indication to trigger the handover execution for a specific UE or a group of UEs. 
The following Figure 3 and Figure 4 illustrate how the 2-step handover works with a UE specific/group specific trigger indication. Considering that the same group signalling can be used for one UE or a group of UEs, it would be more efficient to trigger handover for multiple UEs by the same indication, i.e, group handover trigger is preferred. For example, the group C-RNTI can be configured separately like the execution condition of CHO, and the group handover trigger is a PDCCH addressed by this group C-RNTI.

 
Figure 3: 2-step handover based on UE specific handover trigger indication


 
Figure 4: 2-step handover based on group specific handover trigger indication

Proposal 1: RAN2 adopts 2-step handover solution in NR NTN, i.e., UE specific pre-configuration of the target cell followed by a group-based handover trigger indication, to address the congestion issues raised for earth-moving cells and soft feeder link switch.
Conclusion
In this paper, we discuss the NTN handover enhancements, and we have the following observations:
Observation 1: the main handover issue in earth-moving cells and soft feeder link switch is signalling congestion of handover commands and RACH congestion towards the same target cell.
Observation 2: the benefit of common handover command is marginal from signalling overhead perspective, considering there may be several candidate target cells for the UEs in current serving cell and these common configurations of handover command have to be broadcast for all UEs frequently.
Observation 3: Group handover can be used to trigger execution of handover for a group of UEs allowing network to control the timing of RACH towards the target cell. However its applicability would only be limited to UEs that share same capability and target cell allocate same resources to them
Observation 4: 2 step handover solution refers to allocating UE specific pre-configuration of the target cell and a group handover indication.
Observation 5: the pre-configuration in 2-step handover can mitigate the congestion of handover command.
Observation 6: the separate indication to trigger the handover execution in 2-step handover allows network prioritization of UEs based on current ongoing service requirements, also with the benefit of minimizing RACH congestion.
And we propose:
Proposal 1: RAN2 adopts 2-step handover solution in NR NTN, i.e., UE specific pre-configuration of the target cell followed by a group-based handover trigger indication, to address the congestion issues raised for earth-moving cells and soft feeder link switch.
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