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1	Introduction
One of the Rel-18 WID [1] for IoT-NTN Enhancements is to introduce mobility enhancements for IoT-NTN as described 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. 



In this discussion paper we analyse the applicability of Rel-17 mobility enhancements defined for terrestrial IoT to NB-IoT and additional changes needed. For eMTC-NTN, the Rel-17 NR-NTN mobility enhancement applicability and changes required to optimise the IoT operations are discussed.


2	Discussion
2.1 Neighbour cell measurements for RLF enhancements in NB-IoT.
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 target cell for RLF scenario, the selected subset of information essential to start RACH access can be provided via dedicated signalling 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 optimisation of time taken to minimise the target cell system information acquisition for re-establishment as additional enhancement over baseline Rel-17 NB-IoT enhancements.
Proposal 1: Enhancements to minimise the Target cell system information acquisition time for RLF in addition to connected mode measurements is considered for NB-IOT NTN.
The connected mode measurements prior to RLF can be configured to start only after serving cell radio condition goes below specific threshold where the UE can do the serving cell measurements as relaxed measurements using the same principles used in idle mode with the difference that the relaxed monitoring state may be restarted or continued in connected mode.
For NTN deployment scenario with moving cell scenario (LEO), the relaxed monitoring of serving cell defined for terrestrial system will not be efficient. Because the serving cell strength changes continuously due to moving cell situation so the relaxed monitoring may not even start in idle mode. The same problem will be applicable also in connected mode serving cell measurements. So the relaxed serving cell measurements used prior to starting connected mode measurements needs to be revisited for LEO scenario. For example, serving cell measurements can be relaxed based on timer value which determines the UE mobility towards target cell in deterministic way can be one option.
Proposal 2: For LEO scenario, the relaxed serving cell measurements in connected mode needs to be modified to improve the effectiveness of relaxed monitoring.
2.2 CHO Modifications for eMTC connected mode mobility.
As part of Rel-17 work, NR NTN enhancements for conditional handover (CHO) introduced additional CHO execution conditions based on location and time values over the measurement event for enhanced connected mode mobility. 
The Rel-18 WID on IoT NTN enhancements [] includes an objective, noted above, which propose to reuse mobility enhancements from NR NTN for eMTC NTN. In our view, it will be beneficial for RAN2 to focus on re-using the Rel-17 NR NTN CHO enhancements in eMTC NTN, i.e. location-based D1 event and time-based T1 event.
However, the CHO enhancements for NR NTN allow to evaluate NR measurement report triggering condition and CHO execution conditions without considering RRM measurements. Because of the characteristics of NTN deployments, for eMTC-NTN, CHO conditions based on location and time should complement RRM measurement-based conditions. 
Observation 3: CHO enhancements in Rel-17 NR NTN allow evaluate CHO conditions without considering RRM measurmeents.
For example, the UE could be configured with Event D1 (distance-based) and CondEvent D1 (distance-based). In this scenario, the UE does not make use of RRM measurements to trigger event conditions. So in case of an abrupt change of serving cell signal strength, e.g. an obstacle shadowing the UE, the UE could not react to the changing radio propagation conditions, triggering a RLF and going into RRC Idle mode. Likewise, in the scenario where a target cell on a different satellite, than the one providing the serving cell, is severely shadowed it would not be optimal for the UE to attempt a CHO to the target cell, because radio conditions are poor. For this reason for eMTC-NTN UE, it seems beneficial to require joint evaluation of cell RRM measurements and time/location conditions to avoid UEs only relying on single quantity/time/location-based conditions.
In RAN#117e, the following agreement was made as part of RAN2 discussions for Rel-17 NR NTN:
	Agreements in RAN2#117e:
It is up to UE implementation how the UE evaluates the time- or location-based condition jointly with the RRM event Ax, as long as the UE has RRM measurement results within the time window [T1, T2] or when the location condition is met.


For eMTC NTN it would be good to reconsider the above-mentioned agreement. For example it could be rephrased since the wording “as long as the UE has RRM measurement results” does not capture the need for valid and updated cell measurements within the time window [T1,T2] to be used for a RRM event Ax.
Proposal 3: For eMTC NTN the UE should jointly evaluate UE RRM measurement condition and one of time and location-based conditions.
Thus, when additional conditions are configured, the UE should execute the handover only when all these conditions are met.  For eMTC-NTN UE, the impact of the additional CHO conditions to the stationary UE and also the impact on UE energy consumption should be analysed to identify the changes & enhancements required for eMTC NTN. 
Observation 4: in eMTC NTN, enhanced time/location-based CHO conditions require further analysis to minimize the impact on UE energy consumption.
In NR NTN, the UEs require updated and valid GNSS location for time and frequency pre-compensation as well as for evaluation of the location-based CHO conditions. If the location-based CHO condition is adopted in eMTC NTN the same need for valid GNSS location applies. However, for eMTC NTN UEs, there is the additional challenge that the UE cannot operate the GNSS and the NTN modem simultaneously. Thus, the GNSS validity timer limits the UE connected-mode operations, especially the evaluation of location-based CHO conditions in long RRC connections and for UEs with high mobility. Currently, the RAN1 Rel-18 work is addressing the GNSS enhancements during long RRC connection and therefore it would make sense for RAN2 to postpone location-based CHO enhancements until RAN1 has made further progress.
Proposal 4: Postpone discussion on CHO enhancements that require valid GNSS information until further progress regarding GNSS acquisition in Connected mode are made in RAN1.
3	Conclusion
In this paper we analyse the changes to mobility enhancements defined in Rel-17 for terrestrial NB-IOT to NB-IoT over NTN and the NR-NTN CHO enhancement applicability for eMTC-NTN. Based on the analysis we make the following observations and proposals.
 For NB-IoT-NTN
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.
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.
Proposal 1: Enhancements to minimise the Target cell system information acquisition time for RLF in addition to connected mode measurements is considered for NB-IOT NTN.
Proposal 2: For LEO scenario, the relaxed serving cell measurements in connected mode needs to be modified to improve the effectiveness of relaxed monitoring.
For eMTC-NTN
Observation 3: CHO enhancements in Rel-17 NR NTN allow evaluate CHO conditions without considering RRM measurmeents.
Proposal 3: For eMTC NTN the UE should jointly evaluate UE RRM measurement condition and one of time and location-based conditions.
Observation 4: in eMTC NTN, enhanced time/location-based CHO conditions require further analysis to minimize the impact on UE energy consumption.
Proposal 4: Postpone discussion on CHO enhancements that require valid GNSS information until further progress regarding GNSS acquisition in Connected mode are made in RAN1.
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