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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. Following are the RAN2 objectives related to the control plane aspects in the WID.
Mobility and Tracking Area:
-	Enhancements to tracking area management using the earth-fixed TA concept, considering both hard-switch and soft-switch options, where in the soft-switch option the network may broadcast more than one Tracking Area Code per PLMN.
-	Support of legacy (Rel-16) cell selection/reselection mechanisms without major enhancements. Minor adjustments to existing mobility mechanisms, such as a new parameter values, change to timing etc. can be considered to adapt functionality to NTN.
-	Support of legacy (Rel-16) Handover and RLF/reestablishment mechanisms without major enhancements. For eMTC, Rel-16 LTE CHO procedure can be considered without major enhancements. Minor adjustments to existing mobility mechanisms, such as a new parameter values, change to timing etc. can be considered to adapt functionality to NTN.
In this document we further analyse the enhancements required over the mobility procedures in idle and connected mode states of eMTC/NB-IoT for NTN.
2	Discussion
Two signalling options are proposed for change of TAC broadcasted in NTN for cell mobility scenarios in [2]. For IoT-NTN devices the impact to energy consumption should be considered as primary criteria for finalising the signaling option. In case of TA switching scenarios the additional signalling procedure required for stationary UE in the vicinity of TA border are 
· Tracking area update at UE in the coverage region of old tracking triggered due to cell reselection to new cell covering this region but yet to change the tracking area corresponds to this region.
· Paging for system information update when the cell changes its tracking area corresponds to the new earth fixed area.
· Tracking area update when the UE see change of tracking area as part of system information update.
In case of hard switch option for the stationary UE there will be tracking area update procedures along with paging and system information acquisition. In case of soft switch option, the UE the tracking area updates for the UE which does not change location is avoided but there will be paging for system information modification to update the tracking area list after the cell completely entered into the tracking area.
Proposal 1: TA soft switch option is only considered for IoT-NTN earth fixed tracking area configuration
With TA soft switch considered as signaling option for IoT-NTN, it is possible that any TA wide paging triggered from network for both tracking areas will be sent in the cell which is broadcasting multiple tracking areas. This will increase the false wake-up of UE belonging to one of the tracking area for the duration when multiple tracking areas are broadcasted in the cell. For IoT devices the false wake-up impacts the energy efficiency. The impact also depends on the number of cells per tracking area. RAN2 to consider changes to paging procedure to minimize the additional paging reception at UE.
Proposal 2: RAN2 to consider changes to paging in cell broadcasting multiple tracking areas for IoT-NTN.
Satellite assistance information providing ephemeris information of serving cell is essential for NTN for timing and frequency compensation for idle mode UE. The information consists of satellite location information and mobility related parameters. The details of this set of parameters needs to be concluded in RAN1 discussion. From RAN2 perspective the set of parameters needs to be broadcasted can be either scheduled as separate system information block or can be included as additional information in existing system information blocks. Considering the frequent change in the contents of this assistance information for moving cell scenario it is preferred to define this set of information as separate system information block without associated value tag to track changes. The UE is expected to refer this information prior to uplink transmission and paging monitoring directly without reference to SIB1.
Proposal 3: Satellite assistance information of serving cell is provided as separate system information block for IoT NTN.
Assistance information related to neighbour cells as relative location and difference with respect to serving cell may be beneficial for the UE to determine the potential available time of these neighbour cells. UE cell reselection mechanism can use the above information to start reselection measurements for these cells. This information can also be used to deduce the discontinuity in coverage between neighbour cells for moving cell scenario.
Proposal 4: RAN2 to consider including assistance information about neighbour cell ephemeris information in system information to support location-based cell reselection decision.
In case of UE configured with eDRX the idle mode cell reselection is triggered based on serving cell measurements prior to the PTW of eDRX cycle. In moving cell NTN scenario the serving cell might have already changed before next PTW, so triggering of cell reselection measurements directly instead of initial check based on serving cell measurements is preferred to minimise the delay in switching to the new cell at the time of PTW. Instead of changing the UE behaviour to start directly on cell reselection measurements for eDRX configuration, the number of serving cell measurements needed can be reduced to minimise the impact.
Proposal 5: RAN2 to consider minor modification for cell reselection measurements for moving cell scenario to minimise the energy consumption for measurements for eDRX operation.
When the IoT-UE is capable of supporting NTN and TN frequency operations, network may configure the priority for initial cell selection via NAS level registration signalling.  Similar priority information can also be configured at RAN to enable the cell reselection behaviour to prefer cell of TN /NTN along with offset configuration.  This configuration and control of idle mode mobility between TN and NTN cells is possible using existing cell reselection related parameters such as priority and offset. In our view idle mode mobility between TN and NTN can be supported without additional specification changes.
Observation 1: Idle mode mobility between TN and NTN and the control for preference to one of them is possible for IoT operation based on current specifications of eMTC/NB-IoT. 
Enabling the idle mode mobility between TN and NTN may have some additional impact on the paging operation towards the UE and the network may need to send paging via TN and NTN cells simultaneously for this UE. To decide on such paging operation, the network should be aware of the UE capability and also the cell reselection related configuration at NTN RAN. Configuring different tracking areas for NTN and TN cells is one way to minimize the paging impact. But this option has other consequence of increased TAU signalling procedure for TN-NTN cell switching in idle mode.
Proposal 6: RAN2 to analyse the impact to the paging operation in TN and NTN network before concluding on supporting NTN-TN mobility for IoT-NTN UE based on existing cell reselection procedures.
As the connected mode operation is not critical for IoT-NTN operation considering the short active time, the basic functionalities defined in current specifications for connected mode mobility including CHO and RLF/Re-establishment procedures are sufficient for Rel-17 work. With limited time available in Rel-17 it will be difficult to analyse and confirm the benefits of any minor enhancements for consideration.
Proposal 7: Enhancements to connected mode mobility and RLF/Re-establishment procedures are not considered in Rel-17.
As per current specifications, conditional handover support is independent capability irrespective of device category. When this functionality is to be supported for Cat-M devices the feature may be required for all coverage mode operations. In case of CE-Mode-B where the UE is allowed to operate in extended coverage whether the measurement accuracy at this coverage level will have impact on selection on suitable target cell for handover execution needs to be further analysed in RAN4 for additional requirements. Based on the feedback, In order to minimise the impact for Rel-17 WID the support of CHO in eMTC devices can be restricted only to normal coverage operation. This restriction can be specified as additional note for CHO capability description in Rel-17. In case if this functionality is needed for extended coverage, it can be supported in later releases along with corresponding RAN4 requirements. We have also provided the draft LS to RAN4 for the same for further consideration.
Proposal 8: RAN2 to check with RAN4 on the RRM impacts for supporting CHO and related measurements for eMTC in extended coverage scenarios. [Draft LS attached]

3	Conclusion
In this paper we have analysed the control plane aspects for support of NB-IoT and eMTC over NTN. We make following observations and proposals based on the analysis.
Proposal 1: TA soft switch option is only considered for IoT-NTN earth fixed tracking area configuration.
Proposal 2: RAN2 to consider changes to paging in cell broadcasting multiple tracking areas for IoT-NTN.
Proposal 3: Satellite assistance information of serving cell is provided as separate system information block for IoT NTN.
Proposal 4: RAN2 to consider including assistance information about neighbour cell ephemeris information in system information to support location-based cell reselection decision.
Proposal 5: RAN2 to consider minor modification for cell reselection measurements for eDRX operations in moving cell scenario.
Observation 1: Idle mode mobility between TN and NTN and the control for preference to one of them is possible for IoT operation based on current specifications of eMTC/NB-IoT. 
Proposal 6: RAN2 to analyse the impact to the paging operation in TN and NTN network before concluding on supporting NTN-TN mobility for IoT-NTN UE based on existing cell reselection procedures.
Proposal 7: Enhancements to connected mode mobility and RLF/Re-establishment procedures are not considered in Rel-17.
Proposal 8: RAN2 to check with RAN4 on the RRM impacts for supporting CHO and related measurements for eMTC in extended coverage scenarios. [Draft LS attached].
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1. Overall Description:
New Rel-17 WID to support eMTC and NB-IoT functionality for NTN is approved in RP-211601 in RAN2-92e meeting. RAN2 has agreed to support Rel-16 LTE CHO functionality without enhancements for eMTC over NTN. In contrast to LTE CHO, CHO functionality for eMTC may also be required in extended coverage conditions. In this regard RAN2 kindly request RAN4 to check whether changes needed on the RRC requirements of conditional handover and related measurements for extended coverage scenario.
2. Actions:
To RAN4.
RAN2 kindly ask RAN4 to provide feedback on the additional RRM impacts needed to support CHO in extended coverage scenario for eMTC devices.



