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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 [2], 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 [3], due to the limited time, only the follow 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

This contribution will discuss the measurement triggers for IoT-NTN and CHO enhancement for eMTC NTN.
2 Discussion
[bookmark: _Hlk118336457]2.1 Support neighbor cell measurement in connected mode for eMTC
The neighbor cell measurement was introduced in Rel-17 for NB-IoT. Although HO/CHO is available for eMTC, supporting neighbor cell measurement in connected mode with NTN-specific measurement triggers for eMTC can be a useful complement. It is possible that at the early stage of network construction, HO/CHO is not enabled yet, supporting neighbor cell measurement in connected mode for eMTC can benefit the mobility.
Proposal 1: Support neighbor cell measurement in connected mode for eMTC.
2.2 Measurement trigger
In Rel-17, to improve NB-IoT connected mode mobility, measurement in connected mode was introduced. The intra/inter frequency measurement result can be used to reduce the time taken by RRC reestablishment.
Network can configure UE a serving cell RSRP based criteria to trigger measurement in connected mode. If the mobile UE reach the edge of the serving cell, the serving cell RSRP will be low enough to trigger the measurement.  so that UE can be aware of the neighbor cell before radio link failure. 
There is a connected relaxed monitoring similar as legacy relaxed monitoring in RRC idle to prevent a stationary UE under a low radio quality performing measurement.
Now In Rel-18 NTN, the serving cell quality will remain good even UE is in the edge of serving cell, and drop to a very low value after losing coverage. So that UE may not be able to start measurement at the right time. Hence a time-based measurement trigger was proposed.
For quasi-earth fixed, t-Service is broadcast in SIB3, indicating the time when the cell is going to stop serving the area it is currently covering. UE may start intra/inter frequency measurements in connected mode before the t-Service. Like the idle mode measurement, the exact time to start measurements in connected mode before t-Service can leave for UE implementation.
Proposal 2: For quasi-earth fixed cells, UE may start intra/inter frequency measurement in connected mode before t-Service, if present.
Proposal 3: The exact time to start measurements in connected mode before t-Service can be left to UE implementation.
Since the cell is about to stop providing coverage, UE will trigger radio link failure soon. There is no need to specify the condition of stopping measurement.
Proposal 4: RAN2 will not specify the condition of stopping UE measurement before t-Service.
For the earth-moving cell, the t-Service is not broadcast. Since there is no location report from UE to network, the satellite is not able to know the exact location of UE. The TA information that UE reported to the network is also ambiguity to determine the UE location. Hence, the network cannot infer when the UE is about to lose the coverage of current cell.  NTN capable UE, which has GNSS capability, has to predict the time of losing coverage by itself.
UE can be aware of the serving satellite position and moving direction and moving speed from assistance information broadcast in SIB31. However, to calculate the time of losing coverage of current cell, the footprint information which describes the coverage of the current cell, is required.
This mechanism is similar as distance-based measurement trigger. But the distance-based trigger will need to calculate the distance between UE and satellite/reference point for many times, the detail can be complicated. Converting the distance threshold to the time threshold, it will only need a simple timer and saves power consumption.
Proposal 5: For earth-moving cell, the serving cell footprint information is broadcast for determining the time of loss of coverage of current cell.
Proposal 6: UE starts intra/inter frequency measurements in RRC connected mode before the calculated time of losing coverage.
Besides UE starts measurements before the time of losing coverage, if the NTN coverage is continuous, UE can also start measurements when entering the neighbor satellite’s coverage.
Based on the assistance information for discontinuous coverage in SIB32 (e.g., ephemeris, footprint), UE can roughly know the time when UE enters the neighbor satellite’s coverage. So when a UE has both serving cell coverage and neighbor cell coverage, UE can start intra/inter frequency measurements in RRC connected mode. Normally the serving cell coverage will not last long, UE can utilize the measurement result to accelerate the RRC re-establishment.
Proposal 7: UE calculates the time of UE entering the neighbor satellite’s coverage.
Proposal 8: UE may start intra/inter frequency measurements in RRC connected mode after the calculated time of entering the neighbor satellite’s coverage for continuous coverage

2.3 Mobility Enhancements in eMTC based NTN
The location-based solution is supported in Rel-17 NR NTN. 
Condition event D1 is defined as distance between UE and a reference location referenceLocation1 becomes larger than configured threshold distanceThreshFromReference1 and distance between UE and a reference location referenceLocation2 of conditional reconfiguration candidate becomes shorter than configured threshold distanceThreshFromReference2.
For Rel-18 IoT NTN, we think the location-based solution can be reused. Any further enhancements can be FFS.
Proposal 9: RAN2 will re-use the location-based solutions introduced in Rel-17 NR NTN as the baseline for mobility enhancements in eMTC-based NTN. Any further enhancements in FFS.
3 Conclusions
Proposal 1: Support neighbor cell measurement in connected mode for eMTC.
Proposal 2: For quasi-earth fixed cells, UE may start intra/inter frequency measurement in connected mode before the t-Service if present.
Proposal 3: The exact time to start measurements in connected mode before t-Service can be left to UE implementation.
Proposal 4: RAN2 will not specify the condition of stopping UE measurement before t-Service.
Proposal 5: For earth-moving cell, the serving cell footprint information is broadcast for determining the time of loss of coverage of current cell.
Proposal 6: UE starts intra/inter frequency measurements in RRC connected mode before the calculated time of losing coverage.
Proposal 7: UE calculates the time of UE entering the neighbor satellite’s coverage.
Proposal 8: UE may start intra/inter frequency measurements in RRC connected mode after the calculated time of entering the neighbor satellite’s coverage for continuous coverage
Proposal 9: RAN2 will re-use the location-based solutions introduced in Rel-17 NR NTN as the baseline for mobility enhancements in eMTC-based NTN. Any further enhancements in FFS.
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