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1. Introduction
The WI on IoT NTN enhancements [1] includes the following objectives for mobility enhancement: 

	-	Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel‑17 (TN) NB-IoT, eMTC as a baseline. [RAN2]
-	Re-use the solutions introduced in Rel-17 NR NTN for mobility enhancements for eMTC, with minimum necessary changes to adapt them to eMTC [RAN2]



In this contribution we discuss the potential impact.
2. Background
2.1	Neighbour cell measurements before RLF in  Rel-17 NB-IoT

NB-IoT does not support connected mode measurements and handover. Instead, a mobile UE relies on RLF detection and re-establishment on a new cell. To reduce the time taken to perform RLF re-establishment, Rel-17 introduced a mechanism to allow the UE to perform measurements on neighboring cells before RLF is declared so that the UE can reduce the time needed to perform cell search before being able to re-establish on a new cell. 

The measurements are triggered when the serving cell goes below a threshold (s-MeasureIntra for intrq-frequency measurement and s-MeasureInter for inter-frequency measurements). The UE does not need to perform the measurements if the RSRP variation is stable – this uses a similar mechanism as relaxed monitoring, and is based on the parameters s-MeasureDeltaP and t-MeasureDeltaP. Therefore, the measurements are triggered based on both a serving cell RSRP threshold and a serving cell RSRP variation, just like relaxed monitoring in NR, for example.

Other enhancements were discussed, such as reducing the RLF timer T310 such that re-establishment can be triggered earlier, but not agreed. 
2.2	Rel-17 RRC_CONNECTED NR enhancements 

Rel-17 enhancements to RRC_CONNECTED focus primarily on adapting mobility and measurement procedures to non-terrestrial environments. Key modifications to mobility include additional execution conditions for conditional handover such as the A4 event, and time/location-based conditions:
· The location-based event is defined by the condEventD1, where the event will be satisfied if the distance between the UE and a first reference location (e.g. within the serving cell) is above a threshold, and the distance between the UE and a second reference location (e.g. within a neighbour cell) is below a threshold.
· The time-based event is defined by the condEventT1, where the event will be satisfied if conditional handover execution occurs between T1 and T2, where T2 = T1 + a duration.
Both time and location-based trigger conditions must be simultaneously configured with a measurement condition (e.g. A4) in Rel-17 NTN.

Other modifications apply to measurements, and include the following:: 
· location-based measurement reporting (based on eventD1, with similar execution conditions as condEventD1). 
· Multiple SMTCs can be configured per carrier for a given set of cells using propagation delay difference, feeder-link delay, and serving/neighbour cell statellie ephemeris
· Measurement gaps can be configured using the same propagation delay differences as computed for SMTC.
2.3	Rel-17 IDLE/INACTIVE NR enhancements
NR Rel-17 enhancements to IDLE/INACTIVE cell reselection focus primarly on new measurement rules. Two key enhancements have been specified based on UE distance from a cell reference point, and on the time a quasi-Earth cell will stop serving the current area, indicated by t-Service. The cell reference point, t-Service and distanceThresh (the parameter used to evaluate the distance condition) are optionally broadcast in SIB19, a new system information block which carriers NTN-specific information.

The location-based enhancement enables measurement relaxation when a UE is located within a threshold distanceThresh from a cell reference point (usually the cell center). A UE may not perform intra-frequency measurements, measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority if all following conditions are satisfied:
1) The serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ; 
2) The UE has valid UE location information (it’s up to UE implementation to have available UE location information); and 
3) the distance between the UE and the serving cel reference location is shorter than distanceThresh. 
The time-based enhancement requires a UE to perform cell re-selection measurements in a quasi-earth fixed cell at some time prior to t-Service (the exact timing is up to UE implementation). The UE shall perform intra-frequency, inter-frequency, or inter-RAT measurements before t-Service regardless of the distance between the UE and serving cell measurement or whether the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, or Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ. 

These new distance and time-based measurement rules do not affect measurement of higher-priority NR inter-frequency or inter-RAT frequencies. The UE shall perform these measurements according to [2] regardless of remaining service time or distance from the cell reference point.

3. Discussion
[bookmark: _Hlk110948367]For both NR and IoT NTN, mobility enhancements so far have mainly introduced additional triggers for cell reselection, measurement reporting, and CHO. This is due to the predictability of satellite movement, and recognition that RSRP based triggers are less effective in NTN cells due to a more uniform RSRP measurement across the cell (as compared to terrestrial networks).

Since R17 RLF enhancements are based on RSRP thresholds, it is not very clear what can be used as a baseline. The feature is very simple and only triggers measurements before RLF to reduce the search time after RLF has been declared. For NTN, perhaps only the concept can be re-used, and we will need to define new triggers. 

Observation 1: For NB-IoT NTN enhancement to RLF, the R17 triggers defined for NB-IoT are not sufficient for NTN because these are based on RSRP. 

Proposal 1: New triggers are defined for NB-IoT connected mode (RLF) measurements.

In addition, a modified or an additional shorter T310 was discussed in R17 for NB-IoT. It was not agreed in R17 because some companies had a concern that a shorter T310 may prevent the UE from recovering in “real” RLF scenarios. For NTN, however, we may have a better idea of whether the RLF is detected due to radio condition problems or due to cell change, if we can use t-ServiceStart and location based information (current cell and neighbour cell reference points) to determine when cell changes occur.

Proposal 2: Study additional enhancements to the RLF procedure for NB-IoT, for example by reducing the T310 used in case of cell change.

For eMTC, it should be possible to re-use the connected mode enhancements to CHO and measurement triggering. As the WID suggests, minimum necessary changes should be introduced to adapt them to eMTC. In our understanding, changes/deviations from NR are primarily a stage 3 matter, for example the RRC specification style and arrangement is slightly different for how conditional handover is defined, however the stage 2 agreement could potentially already be made. 

Proposal 3: For eMTC NTN, introduce a location-based conditional reconfiguration trigger based on condEventD1 in NR, where the event will be satisfied if the distance between the UE and a first reference location (e.g. within the serving cell) is above a threshold, and the distance between the UE and a second reference location (e.g. within a neighbour cell) is below a threshold..

Proposal 4: For eMTC NTN, introduce a time-based conditional reconfiguration trigger based on condEventT1 in NR, where the event will be satisfied if conditional handover execution occurs between T1 and T2, where T2 = T1 + a duration.

For NR, both time and location-based trigger conditions must be simultaneously configured with a measurement condition (e.g. A4) in Rel-17 NTN. For eMTC, since power saving is one of the main considerations, we may need to allow only time based triggers to be enabled by the network for some devices or scenarios. 

Proposal 5: Time and location-based trigger conditions may be configured independently (i.e., without a jointly configured measurement condition) for eMTC NTN.

Finally, there was no location-based cell reselection criteria introduced in R17 for IoT-NTN, for similar reasons (i.e. power consumption concerns). However, not all devices have the same requirements and this could be considered as an optional feature in R18.

Proposal 6: Introduce optional distance-based relaxation for RRC_IDLE based on distanceThresh in NR.  
4. Conclusion
In this contribution we discuss the potential mobility enhancements (not including discontinuous coverage) for R18 IoT-NTN and have the following proposals:

Observation 1: For NB-IoT NTN enhancement to RLF, the R17 triggers defined for NB-IoT are not sufficient for NTN because these are based on RSRP. 

Proposal 1: New triggers are defined for NB-IoT connected mode (RLF) measurements.

Proposal 2: Study additional enhancements to the RLF procedure for NB-IoT, for example by reducing the T310 used in case of cell change.

Proposal 3: For eMTC NTN, introduce a location-based conditional reconfiguration trigger based on condEventD1 in NR, where the event will be satisfied if the distance between the UE and a first reference location (e.g. within the serving cell) is above a threshold, and the distance between the UE and a second reference location (e.g. within a neighbour cell) is below a threshold..

Proposal 4: For eMTC NTN, introduce a time-based conditional reconfiguration trigger based on condEventT1 in NR, where the event will be satisfied if conditional handover execution occurs between T1 and T2, where T2 = T1 + a duration.

Proposal 5: Time and location-based trigger conditions may be configured independently (i.e., without a jointly configured measurement condition) for eMTC NTN.

Proposal 6: Introduce optional distance-based relaxation for RRC_IDLE based on distanceThresh in NR.  
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