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Discussion and Decision
1 Introduction
NTN mobility enhancement was discussed in last RAN2 meeting, and following agreements were made:
	Agreements:

1. RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means). 

2. RAN2 to work on assistance information that can be provided to NTN UEs for the above.

3. Cell reselection enhancements (for both NTN-NTN and NTN-TN mobility) are considered for both Earth-moving and (quasi-)Earth-fixed scenarios, at least via the use of system information for broadcasting necessary parameters (dedicated signalling is not precluded). FFS whether the same or different solutions are used for Earth-moving and (quasi-)Earth-fixed scenarios 


This contribution gives our view on the NTN mobility enhancement in R18 NTN Enhancement WI.  
2 Discussion

2.1 Idle/Inactive mobility enhancement 
There are two scenarios of the TN network and NTN network deployment: overlapping and non-overlapping deployments. 
· Scenario 1: the TN-NTN overlapping deployment

There are multiple TN cells deployed within the coverage of one NTN cell. And the UE could have the good radio quality in both NTN cell and TN cell. But due to the different characteristics of the NTN network and TN network, different networks may be deployed to provide different services in the operator’s plan. 

· NTN network can provide the transmission with longer delay, lower data rate and wider coverage than TN network;

· NTN network is more suitable for delay tolerant service, and TN network is suitable for the service with high data rate and low latency.

In addition, the UE in different mobility states may also impact which cell to select. For example, the UE with high mobility state may better select the NTN cell in order to avoid frequent cell change.   
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Figure-1. Overlapping deployment

Observation 1: For the overlapping TN and NTN network deployment, the UE with different services or different mobility states may better select the more suitable cell type (i.e. TN cell or NTN cell). 

According to the different characteristics of TN and NTN network, to improve the user experience, the UE should select the TN cell and NTN cell for cell camping or the RRC connection establishment based on the potential triggered service, mobility state or based on the operator’s planning. 
To achieve this purpose, in order to let NW to control the cell type selection, the priority between NTN and TN cell can be introduced for the cell type selection during the cell selection/reselection. And NW can provide the priority via either broadcast or UE dedicated signaling. 

Proposal 1: Introduce the cell reselection based on the priority of TN cell and NTN cell . 

Proposal 1.1: NW can provide the priority between TN cell and NTN cell via the UE dedicated signaling or broadcast signaling. 
Proposal 1.2: If both TN cell and NTN cell have good radio quality, UE selects the cell with higher priority to camp and establish the RRC connection. 

Proposal 1.3: The priority between TN and NTN can be configured per slicing, per service type, per mobility state, or per UE type. 
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Figure-2. Example of the TN/NTN priority-based TN/NTN cell reselection

· Scenario 2: non-overlapping deployment

In the non-overlapping NTN and TN network deployment, since the NTN network has the huge coverage, the neighbor TN networks (i.e. cell/frequency) are different in different geographic areas of one NTN cell. For the mobility purpose, UE is only required to perform the RRM measurement on the neighbor TN cell/frequency near the geographic area where the UE is located. In the deployment shown in Figure-3, if UE is in area#1 of the NTN Cell, UE is only required to perform the measurement on the TN-Cell 1.
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Figure-3. Non-overlapping deployment

Observation 2: For the non-overlapping TN and NTN network deployment, UE is unnecessary to perform the RRM measurement on the neighbor cell/frequency far from the current UE location. 
According to RAN2 agreements which were made in last meeting, 
· RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means). 
· RAN2 to work on assistance information that can be provided to NTN UEs for the above.
In order to improve the RRM measurement just on the relevant neighbor TN cell/frequency when the UE is in the NTN cell, the TN cell/frequency list for the neighbor cell RRM measurement should be associated with some particular locations or conditions. 
Therefore, the conditional neighbor cell/frequency list selection for RRM measurement mechanism should be considered:

· NW provides multiple candidate neighbor cell/frequency lists together with the applicable conditions for neighbor cell measurement.
· UE selects the neighbor cell/frequency list from the candidate set based on the associated condition and performs the neighbor cell measurement. 
· The condition for the candidate neighbor frequency/cell list selection could be based on location or based on the time.

One example is shown in Figure-4. In NTN cell#1, NW can provide 3 candidate neighbor cell lists for RRM measurement purpose, and each list is associated with a geographic area. The UEs can based on the located area to select the cell list and perform the RRM measurement there. For example, the UE located in area#1 selects the list#1, the UE located in area#2 selects the list#2, and the UE located in area#3 selects the list#3.                                                                                                                                                                                                                                                       
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Figure-4. Example of the area/location-based neighbor cell list

Proposal 2: Introduce the condition-based neighbor cell/frequency list selection mechanism for the neighbor cell RRM measurement. 
Proposal 2.1: The condition for the neighbor frequency/cell list selection could be based on the location or based on the time.
2.2 Connected mobility enhancement
For the earth moving cell, considering many devices may be served within one NTN cell, potentially a very large number of UEs may need to perform HO at a given time, which may lead to large signaling overhead, HO congestion and long service interruption during HO. And some enhancements can be considered to address these issues. 
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Figure-5. A large number of handovers in the earth moving cell scenario
· Issue 1: HO signaling overhead reduction 
In legacy, NW provides the full set of the target cell in the UE dedicated HO command, including the common config and UE dedicated config. 

For HO scenario in the earth moving cell, the target cell of the HO UEs are usually the same. To reduce the HO signaling overhead in this scenario, NW can provide common config of the target cell to a large number of HO UEs in a more efficient manner, compared with the current design via the UE dedicated signaling. 

Proposal 3: Consider the mechanism to improve the provision efficiency of the common configuration of the HO target cell to a large number of HO UEs. 
To improve the provision efficiency of the common configuration of the target cell to a large number of HO UEs, we can consider for NW to provide it via PTM transmission scheme (Figure-6), or request UE to acquire the common configuration of the target cell from the target cell by itself (Figure-7).  
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Figure-6. The common config of target cell provisioned via group/broadcast transmission scheme
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Figure-7. UE (pre-)acquisition of the common config of the target cell from target cell’s MIB/SIB

· Issue 2: HO congestion mitigation
When a large number of UEs perform HO almost at the same time, HO congestion will occur. To mitigate it, one possible way is to scatter the RACH initiation from UE(s) so that to distribute the HO load.
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Figure-8. HO load distribution 

Proposal 4: Consider the mechanism to mitigate the HO congestion, e.g. delay HO with a random time. 
· Issue 3: HO interruption reduction
For NTN specific HO, the HO delay is longer than that in legacy TN network due to the longer RACH delay in NTN network. To avoid the long interruption during the HO, the RACH-less HO and MBB HO scheme should be considered. 

On one hand, the service link is not changed (e.g. feeder link change case) in some HO scenarios. In these scenarios, the DL timing and UL timing in the source cell can be reused in the target cell directly, and the RACH procedure is not essential. If RACH procedure can be skipped during the HO, the HO interruption time can be reduced due to no RACH delay. Therefore, the RACH-less HO scheme can be considered in the NTN HO enhancement.
On the other hand, during the NTN HO procedure, if UE can keep on the data transmission in the source cell until UE starts the initial UL transmission in the target cell, the HO interruption time can also be reduced. Therefore, the MBB HO scheme can be considered in the NTN HO enhancement.
Proposal 5: RACH-less HO scheme should be considered during the NTN HO. 

Proposal 6: MBB HO scheme should be considered during the the NTN HO. 

3 Conclusion
According to the analysis in section 2, we propose that:
Proposal 1: Introduce the cell reselection based on the priority of TN cell and NTN cell . 

Proposal 1.1: NW can provide the priority between TN cell and NTN cell via the UE dedicated signaling or broadcast signaling. 
Proposal 1.2: If both TN cell and NTN cell have good radio quality, UE selects the cell with higher priority to camp and establish the RRC connection. 

Proposal 1.3: The priority between TN and NTN can be configured per slicing, per service type, per mobility state, or per UE type. 

Proposal 2: Introduce the condition-based neighbor cell/frequency list selection mechanism for the neighbor cell RRM measurement. 

Proposal 2.1: The condition for the neighbor frequency/cell list selection could be based on the location or based on the time.
Proposal 3: Consider the mechanism to improve the provision efficiency of the common configuration of the HO target cell to a large number of HO UEs. 

Proposal 4: Consider the mechanism to mitigate the HO congestion, e.g. delay HO with a random time. 

Proposal 5: RACH-less HO scheme should be considered during the NTN HO. 

Proposal 6: MBB HO scheme should be considered during the the NTN HO. 

