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Introduction
In RAN#96e, RAN approved a Revised Rel-18 WID on IoT NTN enhancements. In the WI objectives [1]: 
	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].



In this contribution, we discuss aspects related to connected mode mobility enhancements for IoT NTN.
Discussion
NGSO satellites move at very high speed and it is possible that satellite’s service links (e.g. Earth-moving cells) would move at the same high speed of the satellite. This presents a challenge for the support of cell measurements and mobility enhancements solutions for NB-IoT NTN and eMTC NTN. The main mechanism for performing connected mode mobility for NB-IoT is through RLF and RRC re-establishment. 
In NB-IoT, Radio Link Failures can occur as the result of radio link out-of-sync causing T310 to expire. 
The RRC re-establishment procedures allow for a UE to re-establish its connection to a cell, that may be the same cell or a new cell. During the re-establishment procedure, if the new eNB has the UE context, then the UE does not need to be reconfigured which might take a lot of time. If the new eNB does not have the UE context does, then this eNB may request the UE context from the old eNB, since the information on the old eNB are signalled in the re-establishment request message. 
All together this can be seen in Figure 1.


Figure 1. RRC Re-establishment procedures. 
Observation 1: Enhancements are needed to make the RLF and re-establishment mechanisms of IoT NTN more efficient and timely. 
For improving the mobility procedures, in Rel-17 NB-IoT, mechanisms were introduced to allow an NB-IoT UE to perform neighbour cell monitoring already in connected mode. For NTN NB-IoT, this can bring about improvements since the UE does not need to perform radio measurements in idle mode, but can do these ahead of time, bringing about faster re-establishment in neighbouring cells. 
However, the conditions for triggering these neighbour cell measurements are not seen as suitable for NTN, which is characterized by RSRP conditions that cut off very slowly compared to terrestrial cells, and also characterized by the quasi-earth fixed case where suddenly a cell might disappear. To this the end, new triggering conditions based on distance and time have been proposed. 
One proposal was about triggering connected mode measurements based on t-Service. T-Service is currently only used to ensure neighbour cell measurements are performed in idle mode before the cell disappears. For connected mode this could also be useful, as the measurements should be used for cell selection after the service with the serving cell ends. During the meeting there were comments [2] that such enhancements would only be useful for NB-IoT, but we think that this could also be useful for LTE-M. For LTE-M, the enhancements would allow for power savings as the UE would not need to measure neighbouring cells until it would be needed. 
Proposal 1: Connected mode measurements triggered based on t-Service is supported for NB-IoT and LTE-M.
However, we believe that other enhancements should also be considered in order to make the Radio Link failure and RRC re-establishment procedures faster and more efficient. 
Proposal 2: RAN2 to consider other enhancements to make RLF and re-establishment procedures faster and more efficient.


Conclusion
In this contribution we discussed issues related to mobility enhancements for IoT NTN in the case of Earth moving cells for NGSO. The following are the observations and proposals in this document. 
Observation 1: Enhancements are needed to make the RLF and re-establishment mechanisms of IoT NTN more efficient and timely. 
Proposal 1: Connected mode measurements triggered based on t-Service is supported for NB-IoT and LTE-M.
Proposal 2: RAN2 to consider other enhancements to make RLF and re-establishment procedures faster and more efficient.
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