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1	Introduction
Rel-18 WID [1] for IoT-NTN enhancements includes one objective for mobility enhancements as given below.
	Mobility Enhancements:
-	Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel-17 (TN) NB-IoT, eMTC as a baseline.
-	Re-use the solutions introduced in Rel-17 NR NTN for mobility enhancements for eMTC, with minimum necessary changes to adapt them to eMTC. 


 
Following are the agreements made in RAN2-119e and RAN2-119bis-e meeting for mobility enhancements for IoT-NTN.

RAN2-119bis
1. For eMTC over NTN, for both earth-moving and earth-fixed cell scenarios, we introduce location based CHO triggering events


RAN2-119
1. IoT NTN can use the mechanism for neighbour cell measurements in connected mode (specified in Rel-17 for NB-IoT). FFS if any enhancements are needed (e.g. triggers) for both NB-IoT and eMTC.
2. RAN2 to continue working on a new time-based trigger for triggering intra and inter frequency measurements in connected mode, e.g. the serving cell is going to stop covering the current area, for both earth-moving and earth-fixed cell (FFS on distance-based trigger)
3. CHO enhancements for eMTC NTN (i.e. time/timer based solution) are introduced based on the R17 NR NTN solution. FFS on location-based solution
4. Measurement results reporting is not supported in Rel-18 NB-IoT NTN.

In this paper, we further analyze the additional aspects related to RLF enhancements to minimize the time for re-establishment over the connected mode measurements for NB-IoT-NTN.

2	Discussion
Rel-17 RLF enhancements for NB-IoT aim to improve the time taken to start the re-establishment after RLF to minimise the interruption. Two main components of time taken for Re-establishment to new cell are 
· Time taken to complete the cell selection and synchronisation to the best cell selected as part of cell selection.
· Time to acquire system information essential to start random access in the target cell
· Random access procedure delay

As part of Rel-17 work, triggering of early measurements in connected mode prior to RLF was introduced. The early measurements prior to RLF only helps to minimise the time to synchronise to the selected target cell if it was measured recently within specific time limit prior to acquiring the target cell. Other components of delay in re-establishment were not optimised as part of Rel-17 work.
In NTN deployments acquisition of serving cell ephemeris and common timing advance related information (SIB-31) is essential before starting access to the new cell.  In terrestrial NB-IOT scenario, the target cell access for re-establishment can be started after UE acquiring the minimum system information related to RACH access. For NTN connectivity, the UE should also acquire SIB-31 of target cell in addition to the above. 
Observation 1: The time taken to acquire target cell system information before RACH access for re-establishment is higher than terrestrial NB-IOT scenario due to need to acquire NTN specific SIBs.
To minimise the delay associated with system information acquisition in the target cell for RLF scenario, the selected subset of information essential to start RACH access can be provided via dedicated signaling to UE prior to RLF. In terrestrial NB-IOT RLF scenario, potentially there can be more than one neighbour-cells available at the time of RLF for UE to select as per of cell selection procedure.  So provisioning of target cell parameters that are essential for RACH access will require information about several neighbour cells to be sent via dedicated signalling. This will impact the dedicated signalling message size and also resource efficiency as it has to be sent to all connected mode UE supporting such mobility or UE need to trigger measurement report to short-list the candidate cells. The second option will require additional uplink signalling which will impact the energy efficiency significantly.
For NTN with wider coverage and also limited number of satellite cells providing coverage, for LEO scenario in most of the scenarios only one target cell is available for Re-establishment after RLF.  
Observation 2: The signalling overhead for NB-IOT scenario to send essential parameters of target cell system information is envisaged to be lower due to limited number of applicable target cells for re-establishment in NTN scenario.
Based on the above observations, it is worth to consider the optimization of time taken to minimize the target cell system information acquisition for re-establishment as an additional enhancement over baseline Rel-17 NB-IoT enhancements. In the case of NTN deployments for LEO the potential target cells for re-establishment is well known to the serving cell.  Provisioning of UE with the target cell parameters related to common channel configurations will improve the time to complete the re-establishment in the target cell. Based on the mobility pattern of neighboring cells, the source cell can also send assistance information at the appropriate time.
Proposal 1: RAN2 to consider signaling of the selected parts of target cell system information related to RACH access for faster re-establishment for the LEO scenario.
For moving cell scenarios when a radio link problem is detected at the source cell, the chances for recovering back on the source cell is minimum considering the predictable coverage change. So the current UE behavior related to restarting the timer based on serving cell measurements can be enhanced considering the availability of target cell measurements. If the connected mode measurements for the target cells are available at the time of the start of the T310 timer UE should be allowed to skip further monitoring for recovery and declare early RLF to start the re-establishment procedure earlier. 
Proposal 2: Fast RLF declaration based on measurement availability is considered for the LEO scenario for NB-IoT NTN.

3	Conclusion
We analyze the additional aspects to be considered to improve the re-establishment time for NB-IoT-NTN in this paper. Following are the observations and proposals based on the analysis.
Observation 1: The time taken to acquire target cell system information before RACH access for re-establishment is higher than the terrestrial NB-IOT scenario due to additional time to acquire NTN-specific SIBs.
Observation 2: The signaling overhead for the NB-IOT scenario to send essential parameters of target cell system information is envisaged to be lower due to a limited number of applicable target cells for re-establishment in the NTN scenario.
Proposal 1: RAN2 to consider signaling of the selected parts of target cell system information related to RACH access for faster re-establishment for the LEO scenario.
Proposal 2: Fast RLF declaration based on measurement availability is considered for the LEO scenario for NB-IoT NTN.
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