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1	Introduction
In RAN#94-e, a new WID IoT NTN enhancements [1] was agreed, and one of the objectives is about mobility enhancements as following: 
	4.1.2	Mobility enhancements
The following mobility enhancements objectives are listed.
-	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]
· Define UE RRM core requirements for the above mobility enhancement features [RAN4].


This contribution will discuss the potential mobility enhancements for IoT-NTN.
2 Discussion
2.1	Discussion on the measurement enhancements
In Rel-17, there is no RRC connected mobility for NB-IoT over NTN, no enhancement to R16 RLF and RRC connection Re-establishment procedures are introduced in R17 and the legacy TN mechanism is reused. But for cell reselection, RAN2 agreed that for quasi-earth fixed cell, UE should start measurements on neighbour cells before the broadcast stop time of the serving cell, and the exact time to start measurements (inter and intra-frequency) is up to UE implementation. And in Rel-17 NB-IoT enhancements of TN, the network can configure triggering event to the UE to measure the neighbour cells before RLF, the triggering event is based on the combination of serving cell quality threshold and variance of the serving cell quality.
However, the difference of cell quality between cell center and cell edge may not be as pronounced in non-terrestrial deployments, so the triggering event only based on the RSRP and variance is not applicable for IoT-NTN.
In Rel-18, the potential enhancements on triggering event for measurement can be considered for IoT-NTN. The new triggering events can be introduced, such as distance-based triggering event, or before the serving cell is going to stop covering the current area, etc. In addition, the satellite assistance information (e.g. ephemeris data and coverage information) can also be considered to configure the triggering event.
Proposal 1: RAN2 can introduce new triggering event for triggering RRC Re-establishment to avoid UP interruption due to RLF, such as distance-based triggering event, or before the serving cell is going to stop covering the current area, etc.
Proposal 2: The satellite assistance information (e.g. ephemeris data and coverage information) can also be considered to configure the triggering event.

2.2	Discussion on the mobility enhancements for eMTC
In Rel-17 IoT-NTN, the CHO mechanism can be used for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 is introduced without enhancements for eMTC over NTN. And CHO based RSRP is supported.
In Rel-17 NR NTN, time/timer based solution and location based solution are introduced for HO/CHO, and details are as following:
For time/timer based solution:
The joint configuration of time/timer and RSRP are supported in R17 NR NTN.
Timing information in CHO execution triggering for NTN describes the time after which the UE is allowed to execute CHO to the candidate target cell.
CHO time trigger event is defined as time duration [T1, T2] associated for each CHO candidate cell, and UTC time + duration/timer (e.g. 00:00:01 + 40s) is indicated as T1 and T2. The UE shall execute CHO to that candidate cell during the time duration [T1, T2], if all other configured CHO execution conditions will apply and there is only one triggered candidate cell. 
And T2 timer is defined as an INTEGER (1..6000), where each step represents 100 ms. Its maximum value corresponds to 10 minutes (600 seconds). An example for time/timer based solution is shown in Figure 2.2-1. 
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Figure 2.2-1: An example for time/timer based solution
For location based solution:
The joint configuration of location and RSRP are supported in R17 NR NTN.
RAN2 support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. And the reference location for the event description is defined as cell center. 
The new conditional triggering event (i.e. condEvent L4) has been introduced to support location based solution. Specifically, distance between UE and the PCell’s reference location becomes larger than absolute threshold1 AND the distance between UE and the Conditional reconfiguration candidate becomes shorter than absolute threshold2. An example for location based solution is shown in Figure 2.2-2, the UE will perform CHO when the d1>threshold1 and d2<threshold2. 
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Figure 2.2-2: An example for location based solution
In addition, joint time-based and location-based CHO execution triggering for the same candidate cell is not supported in Rel-17 NR NTN.
For R18 IoT-NTN, we think the CHO mechanism introduced in R17 NR NTN can be reused and the minimized enhancements can be considered if needed. For example, the maximum value of T2 timer within time/timer based solution is 10 minutes, this value may be extended considering the feature of IoT-NTN (e.g. discontinuous coverage).
Proposal 3: RAN2 to introduce the R17 NR NTN CHO mechanism for eMTC (time/timer based solution and location based solution) with minimum enhancements.

3	Conclusion
Here are the proposals for mobility enhancements for IoT-NTN.
Proposal 1: RAN2 can introduce new triggering event for triggering RRC Re-establishment to avoid UP interruption due to RLF, such as distance-based triggering event, or before the serving cell is going to stop covering the current area, etc.
Proposal 2: The satellite assistance information (e.g. ephemeris data and coverage information) can also be considered to configure the triggering event.
Proposal 3: RAN2 to introduce the R17 NR NTN CHO mechanism for eMTC (time/timer based solution and location based solution) with minimum enhancements.
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