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1. Introduction 
In RAN2#112e, several agreements were made related to the scenarios for IoT NTN and applicability of NR NTN solutions.
In this document, we provide further details on the issues related to connected mode mobility and idle mode mobility for NB-IoT and eMTC in NTN.
2. Discussion 

Connected mode mobility 

For NB-IoT, only RLF-based connected mode mobility is supported and this should not be changed. However, enhancement to the RRC connection re-establishment procedure to select a target cell based on UE position/satellite information can be studied.
How to use satellite information and UE position information in measurements and handover is still being discussed in NR. Additionally, the Rel 17 RLF enhancement for NB-IoT is ongoing. Therefore, for NB-IoT, we can postpone discussion on any enhancement to NB-IoT RLF/RRC connection reestablishment procedure in NTN until Rel-17 RLF enhancement for NB-IoT makes good progress.

Proposal 1 For NB-IoT, Rel-17 RLF enhancement can be used as baseline to enhance RLF-based mobility in NTN.
To reduce involvement of RRC for frequent connected mode mobility, for example, in moving cell scenario, feasibility and solutions for multiple beams per cell can be studied. However, RAN2 can wait for RAN1 progress based on following agreements in RAN2#112e.
· RAN2 should wait for RAN1’s input on supporting multiple beams per cell for eMTC/NB-IoT over NTN. 

For eMTC, UE position/satellite information can be used for measurement trigger/handover, therefore, following issues identified to NR NTN in TR 38.821 can be considered.
1. Impact of large propagation delay in neighbour cell measurements and measurement gaps.

2. Handover of large number of UEs causing signalling overhead.

3. UE’s Location update and reporting procedure.

However, solutions related to the above issues are being discussed in NR NTN. For example, enhancement to UE positioning for NR NTN can be baseline for eMTC in NTN, e.g., GNSS-based positioning methods. The conditional handover may be introduced for eMTC as it is beneficial for HO robustness in NTN. Also, this can be used to reduce signalling overhead with the help of multiple future candidate cells that will serve the UE over time. Similar solutions to address the issue of large propagation delays of serving and neighbour cells on measurements can be considered for eMTC. Therefore, RA2 should wait for further progress of connected mode mobility in NR NTN.
Proposal 2 To enhance mobility in eMTC, wait for further progress of connected mode mobility in NR NTN.
IDLE mode mobility 

Followings agreements were made in RAN2#112e.

· RAN2 will use cell selection/reselection for NR-NTN as the baseline and discuss further about the detailed solutions in eMTC/NB-IoT NTN.

· RAN2 will discuss the impact of eDRX cycle on cell reselection procedure in eMTC/NB-IoT over NTN.

· RAN2 will use earth-fixed Tracking Area concept of NR-NTN in eMTC/NB-IoT NTN.

· RAN2 should wait until agreements regarding TAU are made in the NR-NTN WI, and use those for eMTC/NB-IoT over NTN, if applicable. 
In case UE is configured with eDRX in IDLE mode, one concern is whether UE can meet the measurement requirements specified by RAN4. Particularly RRM impact and accuracy requirement in NR NTN work item is being discussed in RAN4 and this can be useful for IoT NTN with DRX. For example, Tdetect,EUTRAN_Intra_NC, Tmeasure,EUTRAN_Intra_NC and Tevaluate, E-UTRAN_Intra_NC may need to be revisited in IoT NTN. 

Given high Doppler effect of moving satellite, methods of synchronizing to a cell in a given frequency in an accurate way in NTN is being discussed by RAN1. Therefore, before RAN2 can start studying impact of using eDRX in NTN, RAN1 and RAN4 needs to make progress on synchronization and RRM/accuracy requirements. Alternatively, RAN2 can also send an LS to RAN4 to look into RRM requirement for eMTC and NB-IoT in NTN with eDRX.
Proposal 3 To study the impact of using eDRX in NTN, wait for progress in RAN1 and RAN4 on synchronization and RRM/accuracy requirements.
Today, NB-IoT and eMTC UEs when operating in enhanced coverage (i.e., not meeting the cell selection criteria in normal coverage) use ranking based-cell reselection mechanism irrespective of the configured frequency priorities, if any. However, this may need to be further studied in NTN because NTN is considered different RAT compared to TN. Additionally, the GEO and LEO are considered different RATs and different priorities may be defined. In this case, only ranking-based cell reselection would result in selection of different RAT and costly TAU update procedure.
For NB-IoT NTN, inter-RAT cell reselection would be a new procedure as there is currently no inter-RAT cell reselection for NB-IoT.
Priority to select TN over NTN or GEO over LEO could be defined, for example, in terms of frequency priority and/or other indications (e.g., priority indication or bias offset for cell reselection). TN and NTN may be deployed in same frequency band and indication whether the cell is TN or NTN can be provided to UEs. Priority indication can be provided to UEs or UEs may have preference to operate in TN over NTN (and similarly in LEO over GEO) for better performance, e.g., throughput. In this case, such priority should be considered on top of the ranking based cell reselection for NB-IoT and eMTC in enhanced coverage.

Proposal 4 Inter-RAT priority between TN and NTN or LEO and GEO is considered in addition to the ranking-based cell reselection procedure for NB-IoT and eMTC in enhanced coverage. FFS on how to apply priorities.
3. Conclusion

Following proposals are made.
Proposal 1
For NB-IoT, Rel-17 RLF enhancement can be used as baseline to enhance RLF-based mobility in NTN.
Proposal 2
To enhance mobility in eMTC, wait for further progress of connected mode mobility in NR NTN.
Proposal 3
To study the impact of using eDRX in NTN, wait for progress in RAN1 and RAN4 on synchronization and RRM/accuracy requirements.
Proposal 4
Inter-RAT priority between TN and NTN or LEO and GEO is considered in addition to the ranking-based cell reselection procedure for NB-IoT and eMTC in enhanced coverage. FFS on how to apply priorities.
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