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1 Introduction
Rel-18 enhancements for IoT-NTN Work Item was approved at RAN Plenary #96e [1]. The corresponding work item has identified IoT-NTN Mobility Enhancements as one key agenda. The work item objective (WID) has mentioned the following two enhancements:
1. Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel-17 (TN) NB-IoT, eMTC as a baseline.
2. 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 the RAN2 #119-e meeting, the following agreements has been made:

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
4. Measurement results reporting is not supported in Rel-18 NB-IoT NTN.

In the RAN2#119bis-e meeting, due to the limit time, only the following agreement has been made:
Agreements:
1. For eMTC over NTN, for both earth-moving and earth-fixed cell scenarios, we introduce location based CHO triggering events

In the RAN2#120 meeting, we had the following agreements:
Agreements:

1.	For NB-IoT we support a trigger for neighbour cell measurements based on T-service (in the quasi-Earth fixed case) (this does not preclude anything for eMTC discussion)
2.	At least for NB-IoT NTN, for quasi-earth fixed cells, UE shall start intra/inter frequency measurement in connected mode before the t-Service if present. The exact time to start measurements in connected mode before t-Service can be left to UE implementation” (can revisit if we agree other proposal based on neighbour cell coverage)
3.	RAN2 will not specify the condition of stopping UE measurement before t-Service
4.	For earth-moving cell, the UE derives when loss of coverage of current cell happens (how to derive this information is FFS)
5.	For earth-moving cell, UE shall start intra/inter frequency measurements in RRC connected mode before losing coverage. The exact time to start measurements can be left to UE implementation
6.	CHO time trigger event is defined as time duration [t1, t2] associated for each CHO candidate cell. The UE shall execute CHO to that candidate cell during the time duration, if all other configured CHO execution conditions will apply and there is only one triggered candidate cell.: UE is allowed to perform HO only during T1 to T2.
7.	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. (similar to condEventD1 in NR)
8.	For eMTC NTN, introduce event A4 based conditional trigger (similar to condEventA4 in NR).
9.	FFS whether time and location-based trigger conditions may be configured independently (i.e., without a jointly configured event A4 measurement condition) for eMTC NTN.

In the RAN2#121 meeting, we had the following agreements:

	1.	Location-based connected mode measurement initiation is supported in quasi-Earth-fixed cell (UE is not required to update the GNSS location for this). A serving cell reference location and a distance threshold/radius for detecting when to trigger connected mode measurements will be broadcast for quasi-Earth-fixed cell. FFS on whether the R17 IEs are reused or not. FFS if the same mechanism can also be used in idle (like in NR-NTN)
2.	Location-based connected mode measurement initiation is supported in earth-moving cell (UE is not required to update the GNSS location for this). A serving cell reference location and a distance threshold/radius for detecting when to trigger connected mode measurements will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris). FFS if the same mechanism can also be used in idle (like in NR-NTN)
1.	We don’t introduce any new low mobility criterion for enhanced mobility in Rel-18



This contribution will discuss the measurement triggers for IoT-NTN.
2 Discussion
Measurement trigger based Serving cell coverage

In the last RAN2 meeting, for quasi-earth-fixed cell and earth-moving cell, a serving cell reference location and a distance threshold/radius are specified for detecting when to trigger connected mode measurements. FFS on whether the R17 IEs are reused or not.
[bookmark: _Hlk131714320]The Rel-17 footprint IE(footprintInfo-r17) was introduced for discontinuous coverage in SIB32. It includes referencePoint-r17(including longitude-r17 and latitude-r17), elevationAngles-r-17,radius-r17. Since the elevation angles is not used in rel-18, it is better not to reuse the footprintInfo-r17. But the referencePoint-r17 and radius-r17 can be reused.

Proposal 1: For earth fixed and earth moving cell, serving cell reference location uses the Rel-17 footprint IE (i.e. referencePoint-r17 and radius-r17)

In the last RAN2 meeting, location based connected mode measurement initiation is supported for quasi-earth fixed cell and earth-moving cell. FFS if the same mechanism can also be used in idle (like in NR-NTN).
In RRC idle mode, UE face the same situation like in RRC connected mode. The serving cell will stop providing coverage at a specific time. T-servce is brocasted in SIB3 to provide the time information on when a NTN quasi-Earth fixed cell is going to stop serving the area,  UE can start idle mode measurement before the t-service.However, location based measurement trigger in RRC idle for quasi-earth fixed cell and earth moving cell is not specified. With the location based measurment trigger, idle mode mobility will be improved, espectially for earth-moving cell.

Proposal 2: location-based measurement trigger can be used in RRC idle for quasi-earth fixed cell and earth-moving cell.
In the last RAN2 meeting, for the earth-moving cell, FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris). The reference location moves along with satellite. UE knows the current position, moving direction and moving speed of satellite via the ephemeris. With the referece location information on earth, UE can derive the elevation angle of the reference location. Hence the velocity vector and direction vector can also be derived. No additional information is needed.

Proposal 3:No additional information is needed for deriving moving reference location.

Measurement trigger based Neighbor cell coverage
Besides UE starts measurements before the time of losing coverage of current cell, UE can also start measurements when entering the neighbor satellite’s coverage if assistance information is provided.
For quasi-earth fixed cell, if start time and footprint information is provided, for earth moving cell, if footprint information is provided, UE can know when it will enter neighbor cell’s coverage. It can help to improve mobility for both RRC idle and RRC connected mode.
Proposal 4: For earth-fixed neighbor cell, start time and footprint is broadcasted.
Proposal 5: For earth-moving neighbor cell, footprint is broadcasted.
Proposal 6: In idle mode and connected mode, when a neighbor cell becomes in coverage, UE may start neighbor cell measurement.

3 Conclusions
Proposal 1: For earth fixed and earth moving cell, serving cell reference location uses the Rel-17 footprint IE (i.e. referencePoint-r17 and radius-r17)
Proposal 2: location-based measurement trigger can be used in RRC idle for quasi-earth fixed cell and earth-moving cell.
Proposal 3:No additional information is needed for deriving moving reference location.
Proposal 4: For earth-fixed neighbor cell, start time and footprint is broadcasted.
Proposal 5: For earth-moving neighbor cell, footprint is broadcasted.
Proposal 6: In idle mode and connected mode, when a neighbor cell becomes in coverage, UE may start neighbor cell measurement.
4 References
[1]. [bookmark: _Ref109647240][bookmark: _Ref7643634][bookmark: _Ref7104523][bookmark: _Ref4159051][bookmark: _Ref7643592]RP-221554, MediaTek, WID on IoT NTN Enhancements, RAN#96e, June 2022.

