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1. Introduction
The latest RAN2#119 meeting made the following agreements regarding:
	Agreements:
· 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.
· 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)


In this contribution we further discuss the impacts on NB-IoT CONNECTED mode neighbour cell measurement, and provide some options to solve the potential issues.
2. [bookmark: Proposal_Beacon]Discussion
In Rel-17, the criteria of triggering neighbour cell measurement in CONNECTED mode for NB-IoT is a combination of serving cell RSRP and its variance. That is, in CONNECTED mode if the measured serving cell RSRP is lower than a threshold and its variance compared to a reference RSRP is higher than a threshold, the UE performs neighbour cell measurements. This solution is designed for TN deployment, wherein the RSRP and its variation can well reflect whether an NB-IoT UE is possibly approaching RLF (i.e., due to leaving the serving cell). However, the typical NTN characteristics, including insignificant cell edge effect and satellite movement, have not been considered.
For NTN cell with antenna on board satellites, the RSRP difference between UEs at NTN cell center and cell edge is typically insignificant. As a result, a lower RSRP threshold or a higher RSRP variation threshold may trigger measurement too late, making it impossible to assist the following cell selection and re-establishment. On the contrary, a higher RSRP threshold or a lower RSRP variation threshold may trigger measurement too early or too frequently, causing unnecessary power consumption.
Observation 1: Due to the insignificant RSRP difference in an NTN cell, it may be difficult to configure appropriate RSRP and RSRP variation thresholds for NB-IoT UE to trigger CONNECTED mode neighbour cell measurement.
Meanwhile, in TN with cells fixed on the ground, cell change only occurs due to UE movement towards cell edge and thus the signal strength decades. In NTN deployed with LEO satellites, cell change occurs more frequently due to satellite movement, and there could be no significant decade in signal strength. E.g. in quasi-earth-fixed scenario the serving duration of a satellite is restricted by a stop serving time (t-Service) after which an NTN cell provided by the satellite will vanish, while in earth-moving scenario the serving duration of a satellite is restricted by a minimum serving elevation angle of satellite antenna. Without considering the actual serving duration of satellite, the measurement may not be triggered or performed in time before the serving cell becomes unavailable.
Observation 2: For the NTN cell change caused by satellite movement (not signal strength), RSRP and RSRP variation thresholds may not work to trigger CONNECTED mode neighbour cell measurement.
In principle, for regular NTN deployment with continuous coverage, NB-IoT CONNECTED mode neighbour cell measurement is still necessary and thus some NTN-specific criteria can be considered towards an appropriate measurement triggering as well as its relaxation. 
Proposal 1: For Rel-18 IoT NTN, NTN-specific criteria to NB-IoT CONNECTED mode neighbour cell measurement triggering shall be considered.
In the latest RAN2#119 meeting, it was agreed to work on a time-based trigger but details are to be studied. For quasi-Earth-fixed cells the implementation could be much easier as the cell stop serving time (i.e. t-Service) is cell-specific, and thus eNB can indicate UE to initiate measurement before t-Service. For Earth-moving cells the actual stop serving time is location-specific and thus UE-specific, making it a bit more complicated for triggering the measurement. If eNB is aware of UE location information, it may estimate UE-specific stop serving time and indicate UE to initiate measurement. Otherwise eNB may need to indicate assistance information to help UE determine the stop serving time.
Observation 3: At least for Earth-moving cells, time-based trigger may not be simply implemented by eNB indication and further assistance information could be necessary.
And therefore:
Proposal 2: For time-based trigger in Earth-moving cells, RAN2 to discuss whether eNB can obtain UE location information to indicate measurement initiation, or whether eNB shall provide assistance information to help UE determine its stop serving time of the Earth-moving cell.
The distance-based trigger was also FFS in the latest RAN2#119 meeting. Our under standing is that, for both quasi-Earth-fixed and Earth-moving cells, if eNB is aware of UE location information, it may directly indicate UE to initiate the measurement. Otherwise distance-based trigger could be considered and somehow could reuse what has been agreed for NR NTN neighbour cell measurement triggering in IDLE/INACTIVE. Meanwhile, distance-based trigger could be a bit more complicated for Earth-moving cells, as the cell reference location moves alongside with the satellite.
Observation 4: For Earth-moving cells, distance-based trigger may not be simply implemented due to cell movement.
And therefore:
Proposal 3: If eNB can obtain UE location information to indicate measurement initiation, distance-based trigger is not needed.
Proposal 4: If distance-based trigger is agreed, RAN2 to discuss how to efficiently indicate the cell reference location of an Earth-moving cell to the UE.
Additionally, in case of discontinuous coverage where UE can remain long periods of time without being able to detect a satellite cell, there could be no neighbour cell available for a UE to be measured but the measurement could still be triggered.
Observation 5: In discontinuous coverage scenario wherein no neighbour cell is available to be measured, unnecessary CONNECTED mode neighbour cell measurement could be triggered.
For NTN deployment with discontinuous coverage, additional rules can be considered to disable NB-IoT CONNECTED mode neighbour cell measurement when it is unnecessary to further reduce its power consumption.
Proposal 5: For Rel-18 IoT NTN, at least NTN-specific criteria to NB-IoT CONNECTED mode neighbour cell measurement triggering can be considered. For discontinuous coverage scenario, the NB-IoT CONNECTED mode neighbour cell measurement can be disabled when there is no neighbour cell coverage.
3. Conclusion
In this contribution, we analyze the NTN impacts on NB-IoT CONNECTED mode neighbour cell measurement, and discuss time/distance-based trigger to solve the potential issues. The following observation are given:
Observation 1: Due to the insignificant RSRP difference in an NTN cell, it may be difficult to configure appropriate RSRP and RSRP variation thresholds for NB-IoT UE to trigger CONNECTED mode neighbour cell measurement.
Observation 2: For the NTN cell change caused by satellite movement (not signal strength), RSRP and RSRP variation thresholds may not work to trigger CONNECTED mode neighbour cell measurement.
Observation 3: In discontinuous coverage scenario wherein no neighbour cell is available to be measured, unnecessary CONNECTED mode neighbour cell measurement could be triggered.
Observation 3: At least for Earth-moving cells, time-based trigger may not be simply implemented by eNB indication and further assistance information could be necessary.
Observation 4: For Earth-moving cells, distance-based trigger may not be simply implemented due to cell movement.
Observation 5: In discontinuous coverage scenario wherein no neighbour cell is available to be measured, unnecessary CONNECTED mode neighbour cell measurement could be triggered.
And we propose:
Proposal 1: For Rel-18 IoT NTN, NTN-specific criteria to NB-IoT CONNECTED mode neighbour cell measurement triggering shall be considered.
Proposal 2: For time-based trigger in Earth-moving cells, RAN2 to discuss whether eNB can obtain UE location information to indicate measurement initiation, or whether eNB shall provide assistance information to help UE determine its stop serving time of the Earth-moving cell.
Proposal 3: If eNB can obtain UE location information to indicate measurement initiation, distance-based trigger is not needed.
Proposal 4: If distance-based trigger is agreed, RAN2 to discuss how to efficiently indicate the cell reference location of an Earth-moving cell to the UE.
Proposal 5: For Rel-18 IoT NTN, at least NTN-specific criteria to NB-IoT CONNECTED mode neighbour cell measurement triggering can be considered. For discontinuous coverage scenario, the NB-IoT CONNECTED mode neighbour cell measurement can be disabled when there is no neighbour cell coverage.
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