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1. Introduction 
In RAN2#113e meeting, following agreements were made.
· For eMTC in NTN

CHO can be used for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline. 

(i) The existing measurement framework for CHO (e.g. measurement configuration, execution) is the baseline. 

(ii) The existing eMTC measurement criteria and event can be used in NTN. Support for new measurement would need justification, but is not precluded, e.g. for enh coverage. 

(iii) Time or timer based and Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, can be introduced for both moving cell and fixed cell scenarios. Support for new triggering events is not precluded. 

(note that LTE CHO isn’t supported for 5GC, and same assumptions as LTE applies). 

· Rel-17 RLF enhancements in NB-IoT can be considered in NB-IOT NTN, if applicable. Further enhancements on RLF-based mobility can be considered, e.g. by using satellite assistance (ephemeris) information.
· RAN2 will capture the options for signalling of Tracking Areas in the TR and wait for progress in NR-NTN for possible updates, if applicable to IoT NTN.
· Paging capacity is evaluated using the same methodology captured in TR 38.821 as the baseline.

· RAN2 will evaluate the paging capacity and the impact on the size of the Tracking Area considering the target IoT NTN device density captured in TR 36.763.
· RAN2 will use cell selection/re-selection mechanism of NB-IoT/eMTC as a baseline. Enhancements introduced for cell selection/re-selection mechanism in NR NTN will be considered if applicable to IoT-NTN.

· Cell selection/re-selection mechanism in IoT-NTN can be enhanced by using satellite assistance (e.g. ephemeris) information (similar to NR-NTN). RAN2 will wait for RAN1’s progress about the details of satellite ephemeris information.

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.

Observation 1. For NB-IoT, we can wait for further progress in Rel-17 RLF enhancement.
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.

It is already agreed to use CHO with time-based and location-based conditions. The details of using the time and location for CHO condition is still under discussion for NR, therefore, RAN2 can wait for NR progress on this. However, the following two concerns need to be addressed for eMTC.
1. How to minimize the use of GNSS for location-based condition.
2. Whether to use CHO when connected to 5GC.

To reduce power consumption, UE should not be required to continuously evaluate its position based on GNSS fix in every CHO evaluation. Therefore, it should be sufficient if UE uses its location performed at a given reference time or point, for example, last location as reference when entering in RRC_CONNECTED. The UE’s reference point for location can be configured to be updated periodically, or every x evaluation periods based on accuracy requirement for which RAN1 feedback will be needed.

Observation 2. Determining GNSS based geo-location in every CHO triggering condition evaluation is power consuming and a reference point can be used for UE location .

Proposal 1 In location-based triggering condition, UE’s reference point for location is used to calculate the distance. FFS how to define UE’s reference point.

The CHO commands can be piggybacked with RRC reconfiguration, for example, when DRB is configured as network can provide it without any measurement reports, i.e., based on time or location. The UEs can autonomously execute handover to the target cell once time-based or location-based conditions are met. This procedure hugely reduces radio interface signalling overhead as network can avoid additional RRC signalling just to send handover command when a large number of UEs needs to be handed over to target cell.
Though it is not clear what would be the impact from the upper layers perspective and specification effort required in other working groups like SA2, CT1 and RAN3, RAN2 can continue the assumption that connectivity to 5GC is supported during the study item. In LTE, CHO is not supported when connected 5GC. In this case, rather than having a different solution, it must be further studied what are the impacts to support CHO when connected to 5GC. Note that, CHO is under discussion for NR NTN (i.e., for 5GC).
Proposal 2 RAN2 discuss whether to support CHO for eMTC UEs connected to 5GC.

IDLE mode mobility 

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 for IoT NTN. 

Based on deployments of satellite density, coverage gap may be a challenge for eMTC and NB-IoT UEs from power consumption point of view. UE may not find satellite coverage upon waking up from paging DRX or eDRX sleep. Providing next cell/satellite selection information or coverage gap information to UE will help speed up cell reselection and reduce power consumption.
Proposal 3 Consider providing next cell/satellite selection information or coverage gap information to UE to improve cell reselection procedure and reduce power consumption.
Today, NB-IoT only uses ranking-based cell reselection irrespective of coverage while eMTC UE operating in enhanced coverage (i.e., eMTC UE not meeting the cell selection criteria in normal coverage) uses 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 UE. 
When a UE knows the cell type, the UE may receive an indication whether TN or NTN has higher priority for cell selection from SIB or the UE 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 between 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 observations are made.

Observation 1.
For NB-IoT, we can wait for further progress in Rel-17 RLF enhancement.
Observation 2.
Determining GNSS based geo-location in every CHO triggering condition evaluation is power consuming and a reference point can be used for UE location .


Following proposals are made.
Proposal 1
In location-based triggering condition, UE’s reference point for location is used to calculate the distance. FFS how to define UE’s reference point.
Proposal 2
RAN2 discuss whether to support CHO for eMTC UEs connected to 5GC.
Proposal 3
Consider providing next cell/satellite selection information or coverage gap information to UE to improve cell reselection procedure and reduce power consumption.
Proposal 4
Inter-RAT priority between TN and NTN or between 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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