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1	Introduction
In RAN2#119-e[1] and RAN2#119bis-e[2] meeting, the following agreements on mobility enhancements are achieved: 
	RAN2#119-e Agreements:
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
Measurement results reporting is not supported in Rel-18 NB-IoT NTN.
RAN2#119bis-e Agreements:
1. For eMTC over NTN, for both earth-moving and earth-fixed cell scenarios, we introduce location based CHO triggering events


This contribution will discuss the potential enhancements for neighbour cell measurements.
2 Discussion
2.1	Measurement enhancements for NB-IoT NTN
2.1.1 Time-based trigger
For quasi-earth fixed cell, the network can broadcast the stop serving time t-Service in SIB3-NB. To support of neighbour cell measurements and corresponding measurement triggering before RLF, the NB-IoT UE can start intra-frequency and inter-frequency measurements in connected mode before the t-Service. Similar to legacy idle mode measurement, the exact time to start measurement before t-Service can be left to UE implementation.
Proposal 1: For quasi-earth fixed cell, NB-IoT UE can start intra and inter-frequency measurements in connected mode before the t-Service (if present). The exact time to start measurement can be left to UE implementation.
During the offline discussion in last meeting, some companies proposed to consider the start serving time of neighbor cells for measurements. However, as specified in TS 36.331 [3], the neighbor cell information is only provided for prediction of discontinuous coverage. If RAN2 to introduce the neighbor cell information for measurement in connected mode, the UE complexity and power consumption will be increased since the UE may need to monitor multiple neighbor cells. 
In addition, if the start serving time of neighbor cell is earlier than the stop time of serving cell, the UE also can start measurement before the stop time of serving cell. If the start serving time of neighbor cell is later than the stop time of serving cell, the UE will be out of coverage and enter into idle mode. We think the latter is irrelevant to the current objective in WID [4] as follows and should be discussed in sub-agenda for discontinuous coverage. 
-	Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel‑17 (TN) NB-IoT, eMTC as a baseline. [RAN2]
Proposal 2: The neighbor cell information is not introduced for neighbour cell measurements and corresponding measurement triggering before RLF.
For earth moving cell, the serving time is different for UEs at different location. We understand that the UE can estimate the stop time of serving cell based on UE location, satellite ephemeris and cell coverage information (e.g. radius or elevation angles). And the UE can start intra and inter-frequency measurements before the stop time of serving cell. To support the estimation, the serving cell coverage information (e.g. radius or elevation angles) can be provided to the UE. And how to estimate the stop time of serving is up to UE implementation. 
Proposal 3: For earth moving cell, the serving cell coverage information (e.g. radius or elevation angles) can be provided to the UE for estimating the stop time of serving cell. How to estimate is up to UE implementation.
Proposal 4: For earth moving cell, NB-IoT UE can start intra and inter-frequency measurements in connected mode before the stop time of serving cell. The exact time to start measurement can be left to UE implementation.

2.1.2 Distance-based trigger
RAN2 agreed to introduce new time-based trigger for intra and inter frequency measurements in connected mode, and FFS on distance-based trigger in last meeting. 
RAN1 discussed on optimizing the GNSS operation with sparse use of GNSS and power efficiency for long-term connection since RAN1#109-e, and discussed how to perform GNSS measurement in connected mode, e.g. UE re-acquires GNSS position fix with a new gap. Anyway, the UE in Rel-18 will own the capability to re-acquire GNSS position fix in connected mode according to RAN1 progress. 
Observation 1: The UE in Rel-18 will be in capacity of re-acquiring GNSS position fix in connected mode according to RAN1 progress.
Therefore, from our perspective, the distance-based trigger can be also supported for IoT-NTN. This means that the UE can start the neighbour cell measurement when the UE is in the cell edge. The similar mechanism in NR NTN can be reused for IoT-NTN.
· For quasi-fixed cell scenario, the cell broadcasts a reference point and location-related parameter (a threshold). The UE can decide whether it is in the cell edge based on the reference point and the threshold. 
· For moving cell scenario, the cell also broadcasts a reference point and a threshold, but the cell center changes with the moving of the satellite. In our understanding, the UE can calculate the current reference point based on the reference point and the ephemeris.
Proposal 5: The distance-based trigger (e.g. the UE is in the cell edge) for intra and inter frequency measurements in connected mode is supported for both quasi-earth fixed cell and moving cell.

2.2	Measurement enhancements for eMTC NTN
For eMTC UE, it can always perform the neighbor cell measurement in connected mode. In addition, RAN2 has agreed to introduce the time-based and location-based CHO for eMTC NTN, the UE can perform neighbor cell measurements for CHO. Therefore, there is no need to introduce the new trigger for neighbour cell measurement. On the contrary, if we introduce the new trigger for measurement, for example, the UE performs neighbor cell measurements when the serving cell is to stop serving the current area or when the UE is in the cell edge, we think the measurement is too late for CHO. 
Proposal 6: For eMTC over NTN, it is proposed not to introduce new trigger for connected mode neighbor cell measurement.

3	Conclusion
Here are the proposals for mobility enhancements for IoT-NTN.
Proposal 1: For quasi-earth fixed cell, NB-IoT UE can start intra and inter-frequency measurements in connected mode before the t-Service (if present). The exact time to start measurement can be left to UE implementation.
Proposal 2: The neighbor cell information is not introduced for neighbour cell measurements and corresponding measurement triggering before RLF.
Proposal 3: For earth moving cell, the serving cell coverage information (e.g. radius or elevation angles) can be provided to the UE for estimating the stop time of serving cell. How to estimate is up to UE implementation.
Proposal 4: For earth moving cell, NB-IoT UE can start intra and inter-frequency measurements in connected mode before the stop time of serving cell. The exact time to start measurement can be left to UE implementation.
Observation 1: The UE in Rel-18 will be in capacity of re-acquiring GNSS position fix in connected mode according to RAN1 progress.
Proposal 5: The distance-based trigger (e.g. the UE is in the cell edge) for intra and inter frequency measurements in connected mode is supported for both quasi-earth fixed cell and moving cell.
Proposal 6: For eMTC over NTN, it is proposed not to introduce new trigger for connected mode neighbor cell measurement.
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