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1	Introduction
Following are the RAN2 agreements for mobility aspects in RAN2-113e meeting.
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.

2	Discussion

2.1 Connected mode mobility for IoT-NTN
As the active data transmission duration for IoT traffic is very short for most of the scenarios, for adaptation of IoT functionality over NTN, minimum connected mode functionalities supported in terrestrial IoT systems should be sufficient for the first release. Additional enhancements for NTN cell mobility can be considered in later releases. For eMTC-NTN, the minimum connected mode measurement functionalities and handover procedures of LTE system should be enough for the first release. For NB-IoT over NTN also the connected mode measurements for Re-establishment enhancements are only considered in Rel-17. This feature is also not essential for NB-IoT over NTN consideration as most of the current IoT devices does not support this feature.
Proposal 1: NTN specific enhancements for connected mode mobility for eMTC and NB-IoT NTN are not considered for Rel-17.

2.2 Idle mode mobility for IoT-NTN
Most of the IoT devices are configured with either PSM or eDRX configuration to minimise the energy consumption associated with idle mode operations. In case of terrestrial network deployments for stationary UE, the energy consumption associated with cell change prior to paging occasion is minimum as the serving cell does not change across eDRX paging time windows.  In case of NTN cells, depending on NTN cell mobility the UE may need to trigger cell reselection and also system information acquisition across eDRX paging occasions eventhough the UE is stationary. Moreover prior to every eDRX paging occasion the UE may need to trigger GNSS based pre-synchronisation for downlink monitoring.
The battery lifetime estimation for IoT device as per [1] assumes the UE is power saving mode and only wake-up for uplink data transmission whenever it needs to send MAR (Mobile Autonomous Report ) as per the traffic model used for IoT operation. In this analysis, the time taken for network synchronisation and system information acquisition are considered along with actual time taken for transmission of the MAR. When eDRX cycle is configured for the same IoT device, regular wake-up for eDRX operation in addition to the above uplink activity also impact the energy consumption. For normal IoT device (i.e. in a terrestrial network) which is stationary this additional energy consumption will impact the battery life time only marginally. But for NTN-IoT device which needs to do GNSS based pre-compensation and also need to re-acquire new cell for every eDRX cycle, the additional power consumption will be significant, and it will reduce the battery lifetime by considerable amount.
Observation 1: For IoT UE in terrestrial networks the power consumption for every eDRX wake-up occasion for stationary or low mobility UE is insignificant as the UE only need to acquire MIB and paging channel monitoring.
Observation 2:  Additional Power consumption for GNSS pre-compensation and reselection to new NTN-Cell during eDRX paging occasions will have significant impact on overall battery lifetime of IoT-NTN device.
For IoT-NTN devices, above additional activities in idle mode will impact the power saving aspect of the IoT device significantly. Further analysis on possible reduction of power consumption associated with following idle mode activities are required in RAN2.
· Reduction of number of GNSS based pre-compensation for eDRX operation
· Reduction of system information re-acquisition time in new cell during eDRX paging occasion.
Proposal 2: RAN2 to discuss the enhancements for reduction of additional energy consumption of IoT-NTN device for eDRX operation.
If IoT-NTN device is also capable of IoT operation over terrestrial networks, the idle mode mobility needs to consider mobility between NTN and Terrestrial cells.  As there will be multiple terrestrial cells covered by single NTN cell, for idle mode cell reselection, the UE may consider the inter-frequency TN cells for cell reselection without actual neighbour-cell list configured in system information. 
The idle mode cell reselection procedure with relaxed RRM measurements defined for terrestrial IoT devices also needs to be used for NTN idle mode cell selection /reselection measurements. Further relaxation of the measurements for stationary devices based on the predicted mobility of satellite beams needs to be studied. For example, due to satellite mobility, RSRP changes are expected at stationary UE over time. In these cases triggering of cell reselection measurements only based on difference between earlier and current measurements of serving cell alone may not be efficient. Instead triggering of neighbour cell measurements based on NTN cell mobility can improve the energy consumption associated with cell reselection.
Proposal 3: Further enhancements to relaxed RRM measurements for idle mode mobility for IoT-NTN should be studied.
As the scope of study item does not explicitly include the mobility between NTN and TN cells for IoT devices, for Rel-17 we can assume that idle mode mobility between NTN and TN should be based on UE implementation. NTN cells may configure the frequency of terrestrial network cells as Inter-frequency neighbour cell information without specific cell details to enable Inter-frequency cell reselection between NTN and TN without specification impacts. Optimisation of NTN-TN idle mode mobility is not considered in the current study item as required.
[bookmark: _GoBack]Proposal 4: Idle mode mobility between terrestrial and non-terrestrial networks is not specified in Rel-17. It is upto UE implementation for measurements of terrestrial network cells and reselection to the same when camped onto NTN cells.
2.3 Tracking Area Update Changes
Switching of tracking area of the NTN cells to minimise the impact on UE idle mode functionality is under discussion in NR-NTN. For IoT-NTN, RAN2 can wait for conclusion on this aspect at NR-NTN and adapt the same. Based on the conclusion on the tracking area changes in the system information further impact on idle mode UE impacts related to system information modification needs to be studied for IoT-NTN. 
Proposal 5: For tracking area switching for NTN cells, NR-NTN agreements should be considered as baseline.
3	Conclusion
The following proposals and observations were made in this paper:
Proposal 1: NTN specific enhancements for connected mode mobility for eMTC and NB-IoT NTN are not considered for Rel-17.
Observation 1: For IoT UE in terrestrial networks the power consumption for every eDRX wake-up occasion for stationary or low mobility UE is insignificant as the UE only need to acquire MIB and paging channel monitoring.
Observation 2:  Additional Power consumption for GNSS pre-compensation and reselection to new NTN-Cell during eDRX paging occasions will have significant impact on overall battery lifetime of IoT-NTN device.
Proposal 2: RAN2 to discuss the enhancements for reduction of additional energy consumption of IoT-NTN device for eDRX operation.
Proposal 3: Further enhancements to relaxed RRM measurements for idle mode mobility for IoT-NTN should be studied.
Proposal 4: Idle mode mobility between terrestrial and non-terrestrial networks is not specified in Rel-17. It is upto UE implementation for measurements of terrestrial network cells and reselection to the same when camped onto NTN cells.
Proposal 5: For tracking area switching for NTN cells, NR-NTN agreements should be considered as baseline.
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