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Introduction 
For Rel-18 NR NTN enhancements [1], one objective is to further enhance mobility performance as described below.
	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 paper, we provide our views on NTN-NTN handover enhancements.
Discussion 
NTN handover issues
As discussed in Rel-16 NTN SI and captured in TR 38.821, there are three handover cases in which many UEs need to perform handover simultaneously: (1) moving cell, (2) soft feeder link switch and (3) hard feeder link switch. These three 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 in in the new cell. On summary, the worst case is that in 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.
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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. In the following Figure 2, at 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) if the satellite is able to connect to two gateways simultaneously during the switch from gateway 1 to gateway 2. 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

Case 3: hard feeder link switch
If a satellite can’t connect to two gateways simultaneously, there has to be a service gap during the feeder link switch. Therefore in Figure 3 below, there is no T1.5 scenario where two cells cover the same geographical area (as it was shown in previous Figure 2). This case 3 is called a hard feeder link switch.
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Figure 3: Feeder link switch over for LEO transparent satellite with one feeder link serving the satellite during the switch

Based on the analysis above, there are two main handover issues:
1. [bookmark: _Hlk110593108]Handover congestion and large signalling overhead. 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 target cell simultaneously, the RACH congestion also happens. 
2. For hard feeder link switch, the issue is how to handle the service gap during the handover procedure.
Proposal 1: RAN2 to discuss potential optimizations to address the following NTN to NTN handover issues in Rel-18 NTN:
Key Area 1.	Minimize handover congestion and signalling overhead for the scenarios of moving cell and soft feeder link switch.
Key Area 2.	Enhance the handling of the service gap during the handover procedure for the scenario of hard feeder link switch.

Background on optimizations captured in TR 38.821
To address these two issues, some enhancements had been discussed in Rel-16 NTN SI, e.g., common handover command, RACH-less handover and conditional RRC re-establishment.
· 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 UE may have different UE capabilities. The only common part can be the common configurations of target cell, but this benefit is marginal.
· For RACH-less handover, the first two steps of 4-step RACH are removed (i.e. Msg.1 and Msg.2), and UE can send Msg3 directly to network. But for Msg3 transmission, there can still be congestion when many UEs transmit Msg3 simultaneously.
· For conditional RRC re-establishment, a candidate cell can be configured to UE as the target cell for RRC re-establishment, but the data loss can’t be avoided.
Observation 1: RAN2 needs to consider new optimizations besides of existing solutions captured in TR 38.821 considering the following drawbacks:
-	 1) Common HO command has marginal benefit as the only common configuration might be the one specific to the target cell
-	 2) RACH-less handover can still run into congestions issue when large number of UEs transmit Msg.3 as only Msg.1 and Msg.2 are avoided.
-	 3) Conditional RRC re-establishment might bring unavoidable data loss scenarios.

Further optimizations
Key area 1: Optimizations for handover congestion and large signalling overhead
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 is the RRCReconfiguration message which may include many UE specific configurations according to a UE’s capability and the cell’s state of resource utilization. But typically, a handover command is a large RRC message. Therefore it’s hard for network to send handover commands to many UEs at the same time.
As location based CHO and time based CHO have been specified in Rel-17, the handover command can already be provided to UE in advance. This way can mitigate the signalling congestion of handover commands, i.e., network can send handover commands to different UEs at different times. But the RACH congestion may still happen when many UEs perform RACH towards the same target cell simultaneously.
Proposal 2. For key Area 1 of proposal 1, RAN2 should discuss at least how to reduce RACH congestion towards a given target cell.
Several solutions could be considered to resolve this issue:
Solution 1: To control the timing of preamble transmission. 
For preamble transmission, it could be contention based or contention free. In NTN, contention free approach might not provide enough preamble resources for all UEs. Therefore, contention based approach may be preferable. 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 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). 
To be more specific, the network indication based handover can be operated as follows:
· Step 1:  the network provides the configuration of candidate cells
· Step 2: the network sends an indication to trigger the handover execution for a UE. 
For simplicity during the discussion, let us call this approach as “2-step handover”.
Observation 2: HO should be enhanced to allow network prioritization of UEs based on current ongoing service requirements while minimizing congestion (due to the simultaneous HO) and providing network flexibility/control to perform HO.
For step 2, there are several options for the second indication to trigger handover:
option (1) a UE specific indication (e.g., scheduled according to a C-RNTI), option (2) the handover is scheduled for a group of UEs (e.g. according to a group RNTI referred as G-RNTI), or option (3) a broadcast indication (e.g. indication via a short message). The following Figure 4 illustrate the example how the 2-step handover may work via option (1) of a UE specific trigger indication.



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

Proposal 3: For Key Area 1 of proposal 1, RAN2 to study 2-step handover enhancement, i.e. 1st step, NW provides configuration of candidate cells to UE, and 2nd step, NW indicate the UE to perform the execution of the HO.
Solution 2: To avoid preamble transmission, i.e., RACH-less handover.
RACH-less handover is supported in LTE, but not in NR. If RACH-less handover is adopted, we don’t need to consider congestion of preamble and there is also a benefit of signalling reduction, but we still need to address the congestion of MSG3.
But before we discuss the further optimization for the application of RACH-less handover in NTN, we need to understand whether current LTE RACH-less mechanism can be reused in NTN. The key aspects of RACH-less handover include reusing TA and pre-configured UL grant. For TA part, the TA of target cell could be zero for small cell, or it could be same as an existing TA value of TAGs. Since there is no CA or DC supported in current NR NTN, the only TA that can be reused is source cell TA, i.e., reusing TA could be feasible in intra-satellite handover. But in case of inter-satellite handover, although the UL pre-compensation is supported, the preamble transmission and RAR reception procedure cannot be skipped for the purpose of TA adjustment. If RACH-less handover needs to be applied in inter-satellite handover case, UE needs to estimate target cell TA. RAN2 needs to send a LS to RAN1/4 to check on whether it is feasible for RACH-less handover to reuse the source cell TA for the target cell TA in intra-satellite handove, and for a UE to estimate target cell TA in inter-satellite handover.
Proposal 4: For Key Area 1 of proposal 1, if RAN2 is willing to study RACH-less HO enhancement for NTN, RAN2 needs to send a LS to RAN1/4 to check on feasibility of applying RACH-less handover in NTN first. This includes checking whether source cell TA can be reused as target cell TA in intra-satellite handover, and whether a UE can estimate target cell TA in inter-satellite handover.
Key area 2: Optimizations for service gap during the handover procedure in case of hard feeder link switch

As explained in above case (3), during the hard feeder link switch, the source cell stops the service at time T1, and the target cell starts the service at time T2 as illustrated in above Figure 3.
A handover command can include the information of T1 and T2, e.g., in UTC time format. When a UE receives this handover command, the UE does not start handover execution until time T1. It also means that the handover command can be sent to UE in advance, which has the effect of avoidance of handover command congestion. Upon T1, the UE starts the handover execution, i.e., stops data exchange with source cell, performs protocol stack reconfiguration, RF chain retuning, security key update, but delays the downlink synchronization and initiates RACH procedure towards target cell until T2. One reason is to prevent UE from performing DL synchronization and RACH until the target cell is available, i.e., until T2. Another benefit is, by setting different T2, different UEs can start accessing to target cell at different time to avoid RACH congestion. It is also possible after T1, upon radio link failure is detected by UE, UE does not initiate RRC re-establishment, but initiate handover instead. This whole handover procedure is illustrated in Figure 5 as below: 
· Step 1: UE receives handover command, which includes time T1 and T2.
· Step 2a: upon T1, the UE stops data transmission to source cell, performs protocol stack reconfiguration, RF chain retuning, security key update.
· Step 2b: after T1, upon radio link failure is detected by UE, the UE performs protocol stack reconfiguration, RF chain retuning, security key update.
· Step 3: upon T2, the UE stars the downlink synchronization and then initiates RACH procedure towards target cell.


Figure 5: handover procedure with stop time T1 and start time T2
Proposal 5: For key area (2) of proposal 1 (i.e. for hard feeder link switch), to study that serving cell stop time T1 and target cell start time T2 are provided to UE in advance. And upon T1, the UE stops data transmission to source cell, performs protocol stack reconfiguration, RF chain retuning, security key update, but delays the downlink synchronization and initiates RACH procedure towards target cell until T2.
Conclusion
In this paper, we discuss the NTN handover enhancements, and we have the following observations:
Observation 1: RAN2 needs to consider new optimizations besides of existing solutions captured in TR 38.821 considering the following drawbacks:
-	 1) Common HO command has marginal benefit as the only common configuration might be the one specific to the target cell
-	 2) RACH-less handover can still run into congestions issue when large number of UEs transmit Msg.3 as only Msg.1 and Msg.2 are avoided.
-	 3) Conditional RRC re-establishment might bring unavoidable data loss scenarios.
Observation 2: HO should be enhanced to allow network prioritization of UEs based on current ongoing service requirements while minimizing congestion (due to the simultaneous HO) and providing network flexibility/control to perform HO.
And we propose:
Proposal 1: RAN2 to discuss potential optimizations to address the following NTN to NTN handover issues in Rel-18 NTN:
Key Area 1.	Minimize handover congestion and signalling overhead for the scenarios of moving cell and soft feeder link switch.
Key Area 2.	Enhance the handling of the service gap during the handover procedure for the scenario of hard feeder link switch.
Proposal 2. For key Area 1 of proposal 1, RAN2 should discuss at least how to reduce RACH congestion towards a given target cell.
Proposal 3: For Key Area 1 of proposal 1, RAN2 to study 2-step handover enhancement, i.e. 1st step, NW provides configuration of candidate cells to UE, and 2nd step, NW indicate the UE to perform the execution of the HO.
Proposal 4: For Key Area 1 of proposal 1, if RAN2 is willing to study RACH-less HO enhancement for NTN, RAN2 needs to send a LS to RAN1/4 to check on feasibility of applying RACH-less handover in NTN first. This includes checking whether source cell TA can be reused as target cell TA in intra-satellite handover, and whether a UE can estimate target cell TA in inter-satellite handover.
Proposal 5: For key area (2) of proposal 1 (i.e. for hard feeder link switch), to study that serving cell stop time T1 and target cell start time T2 are provided to UE in advance. And upon T1, the UE stops data transmission to source cell, performs protocol stack reconfiguration, RF chain retuning, security key update, but delays the downlink synchronization and initiates RACH procedure towards target cell until T2.
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