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1	Introduction
Rel-17 Work Item for support of eMTC and NB-IoT over NTN (RP-211601) is approved in RAN-92e meeting. RAN2 Agreements related to the tracking area and mobility aspects in RAN2-115e are given in Annexure-A.
In this discussion paper we analyse the remaining open issues related to control plane procedures for IoT-NTN applicable to idle and connected mode scenario. 
2	Discussion
2.2.1	Tracking area switching Impacts for IoT-NTN
The impact to IoT-NTN UE power consumption due to additional tracking area update procedure for TA hard switch option was analysed in [1]. For NR NTN UE the additional tracking area update procedure may be acceptable as idle mode power consumption optimisation is not critical for these devices. For IoT-NTN devices the additional energy consumption will have impact on battery lifetime. So we propose not to support TA hard-switch option for IoT-NTN earth fixed tracking area with moving cell scenario.
Proposal 1: TA soft switch option is only considered for IoT-NTN earth fixed tracking area configuration.
When cell is broadcasting more than one tracking area, the cell needs to send paging messages of idle mode UE which are registered in both tracking areas. The tracking area wide paging is normally used by the network for moving UE where the paging in last known location will not be useful as the UE might have changed cell from last connection until the paging occasion. On the cell broadcasting more than one tracking areas, the paging load will be increased by the tracking area wide paging attempts of all the tracking areas. For idle mode UE in this cell there would be increased false wake-up due to this additional paging load.  
Observation 1: The paging load in cell broadcasting multiple tracking area will be higher due to tracking area wide paging for all camped users of multiple tracking areas. This significantly increase the false wake-up for stationary UE in the cell.
If network support some prior indication prior to actual paging message reception about the tracking area associated with the paging message the UE which were not registered for this tracking area need not wake-up for receiving the paging message.  As the power consumption reduction is key requirement for IoT-NTN the changes in paging to differentiate tracking is essential. The need for such enhancement for NTN is higher considering larger number of camped devices per cell and tracking area compared to terrestrial network.
Proposal 2: RAN2 to consider changes needed to differentiate paging messages of different tracking area when cell is broadcasting multiple tracking area.
In case of TA soft-switch scenario the system information update is required when the cell is entering into new tracking area coverage region for including new tracking area. When the cell has completely moved into the new tracking area the previous tracking area will be removed and the system information update is needed in this case also. It is agreed in RAN2-115e that inclusion of tracking area in system information need not trigger paging for system information change.  But need for paging the system information update for removal of Tracking area is FFS.
	System information update notification procedure is not used to inform TAC updates, at least for TAC additions (FFS removals).



The system information change for removal of tracking area is needed only for the UE which might have crossed the tracking area border after the system information contents already broadcasting two tracking areas. Because the UE will not see tracking area change of system information at the time of inclusion, but if the UE is not informed about the removal of tracking area via system information, this UE will not detect its mobility across tracking area and will not trigger tracking area update. This may lead to UE missing the paging from CN as the current tracking area is not known to CN.  To resolve this situation if paging is triggered for system information update for the TA removal, it will lead to all the stationary UE in this region receiving such paging which is not needed. If the system information update notification is not triggered on removal the UE may be informed about the new tracking area when it triggers next RRC connection in this cell via RRC signalling.  As the mobility scenario which requires the system information update on removal is less probable and there is possibility for those UE to know the latest tracking area later we propose that system information update notification is not triggered on removal also for IoT-NTN.
Proposal 3: System Information update notification procedure is not used to inform TAC update on TAC removal.
Inclusion of time of system information update for new tracking area and timer duration until removal of the tracking area is another alternative to mitigate the impact of not triggering system information update for removal of TAC. But this will lead to inclusion of more parameter in system information which have limited space only for essential parameters. Hence we propose not to consider further system information changes related to TA soft switch scenario.
Proposal 4: Additional parameters are not included in system Information related to TA list management for IoT-NTN.
2.2.2	WUS Support and Impact of its Restrictions
As the number of idle mode UE per NTN cell coverage is significantly higher than TN cell, the paging load on eMTC/NB-IoT carrier of NTN cell also would be higher. Depending on the configuration of number of paging occasions per cell this paging load will also impact false wake-up of UE in the paging occasion as there would at-least be one valid paging message in most of the paging occasions with higher paging load scenario. In such cases use of WUS would not be beneficial in reducing the UE energy consumption at UE. Configuration of group WUS (GWUS) based on UE-ID is essential to achieve the benefits of WUS configuration.
Proposal 5: Group WUS support should be mandatory capability for IoT-NTN WUS functionality.
In Rel-16 (G)WUS signal is only applicable on the last serving cell. When UE moves to new cell the WUS is disabled and UE monitors the paging directly. Network also ensures that WUS transmission is disabled when the paging message is sent over cells other than last serving cell. This restriction for WUS functionality is introduced to avoid false wake-up of stationary UE of neighboring cells when WUS is used for UE moving out of serving cell. This restriction if extended for NTN scenario will severely impact the WUS efficiency for moving cell scenario. Because even for stationary UE there will be cell reselection due to cell mobility, which would lead to disabling of WUS monitoring for the UE.
Observation 1: Rel-16 WUS restriction will impact the efficiency of WUS functionality in NTN for moving cell scenario.
WUS functionality with Group WUS configuration is needed for NTN scenario to improve the energy efficiency of paging reception over cell with larger coverage area. But if the restrictions of Rel-16 WUS is applied as such it will further degrade the efficiency of this feature. In order to make effective use of WUS functionality for NTN, further enhancements to WUS functionality for moving cell scenario needs to be considered.
Proposal 6: RAN2 to consider improving the Rel-16 WUS functionality for moving cell scenario for Rel-17.
2.2.3	Relaxed Monitoring 
The relaxed monitoring functionality specified for terrestrial IoT devices may not be applicable as such for NTN scenarios with discontinuous coverage. As the serving cell measurements continue to vary with the moving of satellite, decision for relaxed monitoring based on serving cell measurement variation will not lead to effective relaxed monitoring for stationary or low mobility device in NTN scenario. Modification to the relaxed monitoring criteria considering the ephemeris information, location of UE and satellite coverage window would be required to avoid unnecessary triggering of inter and intra frequency measurements before the UE is getting into the coverage of new cell.  
Proposal 7: RAN2 to consider modifications to the relaxed monitoring functionality based on UE location changes and ephemeris information instead of serving cell radio condition changes for IoT-NTN.

4	Conclusion
Following are the observations and proposals based on the analysis on remaining issues related to control plane for IOT-NTN.
For Tracking area switching related Issues 
Proposal 1: TA soft switch option is only considered for IoT-NTN earth fixed tracking area configuration.
Observation 1: The paging load in cell broadcasting multiple tracking area will be higher due to tracking area wide paging for all camped users of multiple tracking areas. This significantly increase the false wake-up for stationary UE in the cell.
Proposal 2: RAN2 to consider changes needed to differentiate paging messages of different tracking area when cell is broadcasting multiple tracking area.
Proposal 3: System Information update notification procedure is not used to inform TAC update on TAC removal.
Proposal 4: Additional parameters are not included in system Information related to TA list management for IoT-NTN.
For Idle mode procedures of IOT-NTN UE 
Proposal 5: Group WUS support should be mandatory capability for IoT-NTN WUS functionality.
Observation 1: Rel-16 WUS restriction will impact the efficiency of WUS functionality in NTN for moving cell scenario.
Proposal 6: RAN2 to consider improving the Rel-16 WUS functionality for moving cell scenario for Rel-17.
Proposal 7: RAN2 to consider modifications to the relaxed monitoring functionality based on UE location changes and ephemeris information instead of serving cell radio condition changes for IoT-NTN.
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Annexure: RAN2-115e Agreements
Cell selection / reselection procedures for NB-IoT and LTE-M in TN is the baseline in NB-IoT/LTE-M NTN.
RAN2 assumes that Satellite assistance information, e.g. for cell selection reselection, for serving cell is provided to UE.
Wait for the progress in RAN1 before discussion on whether satellite assistance information is broadcast in a separate information block.
The timing information on when a cell is going to stop serving the area is broadcast at least for the quasi-earth fixed case. FFS details. 
The network may broadcast more than one TAC per PLMN in a cell, which is up to network implementation.
The UE determines the Tracking Area based on the broadcast information (the use of other information is not excluded).
When the network stops broadcasting a TAC, the UE needs to know it. FFS how this is done. 
UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s registration area.
Rel-16 LTE CHO mechanism is supported for LTE-M devices in IoT NTN. FFS which CE Mode(s) to apply
No procedural update is required to support connected mode mobility for LTE-M.
Rel-16 RLF / connection re-establishment mechanisms are supported in IoT NTN assuming that minor adjustments to UE specific timers and constants would be sufficient.


FFS if Satellite assistance information for neighbour cell(s) is provided to UE for cell selection/reselection (justification would be needed). 
The value range for parameter t304 is not extended with larger values.
Send an LS to RAN4 to inform that RRM impacts for supporting CHO should be taken into consideration.
Postpone the discussion on whether specific timers and constants for RLF and RRC connection re-establishment procedures require extended value range and/or new behaviour till next meeting.
System information update notification procedure is not used to inform TAC updates, at least for TAC additions (FFS removals)





