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1 Introduction
In the reply LS to RAN2 on the TN and NTN capabilities of IoT-NTN UE [1], SA2 has raised some concerns related to storage two capabilities at MME. SA2 also proposed some existing mechanisms to mitigate the impact for the same.
In this discussion paper, we further analyze the issues indicated in the LS for RAN2 impacts and a possible way forward from RAN2 perspective.
2 Discussion
For the below observation in the LS 
The downside of what is described in the agreements of the LS and TS 36.331 is that it impacts the MME, requiring it to store multiple containers, and impacts the operation of RACS for eMTC (RACS is not applicable to NB-IoT). Therefore the preferred solution is for E-UTRAN to provide a single container to the MME for all non-NB-IoT RATs (and network types i.e. TN, NTN) and a single container for NB-IoT including both TN and NTN capabilities. From communication using the RAN 2 reflector, SA 2 understands that this approach is what has been adopted for NR-NTN.
RAN2 initially analyzed the option of having two parameters for each capability to indicate the support for TN and NTN access in a single container. This was not considered as this option increases the signaling message size for UE capability and also significant changes to the RRC message definition. This single container is mainly needed to support mobility between TN and NTN. As specification changes related to TN-NTN mobility is not the main scope for Rel-17, RAN2 has agreed for having separate UE capability for TN and NTN and each of these capabilities is only applicable in the serving network (TN or NTN).  RAN2 has also analysed the minor impacts to TN-NTN connected mode mobility and concluded that there is no specification changes needed to optimise the behaviour for this impact.
Observation 1: Single container for TN and NTN capability requires high specification efforts for Rel-17 where TN-NTN mobility optimization was not considered in the work. 
Eventhough separate capabilities for TN and NTN networks are configured at UE, only one of the capabilities will be active at UE depending on the RAT it is camped on. The UE also reports the capability corresponding to the serving network when ENB triggers the capability inquiry procedure. 
For storage of the capability at MME, it is possible for the MME to know whether the UE is connecting via TN or NTN cell based on the information provided by ENB in the S1 message prior to context creation. Based on this information, MME can trigger UE capability inquiry procedure by any one of the methods specified in TS23.401 and replace the UE capability with the latest information received from the current cell. In this way, MME can avoid storing two UE capability containers in this way. If separate tracking areas are assigned for TN and NTN cell, MME can obtain the latest capability as part of tracking area change procedure in a similar manner.
Observation 2: MME can acquire the UE capability for the current serving cell based on the cell type information (NTN or TN) received from gNB by using the available methods for re-acquiring UE capability in the new cell.
MME uses the UE-Radiopaging-Info capability from the stored values for paging the IDLE mode UE. With a single capability maintained at MME for TN and NTN, it is possible that MME may use the UE-Radiopaging-Info capability received from TN cells also for paging towards NTN cells if they are in the same TA. If the UE capability for TN and NTN differs in UE-Radiopaging-Info capability the paging reception at UE may fail in some cases. This issue is possible only if TN and NTN cells are configured with the same tracking area. In Rel-17, the paging is not optimized for idle mode TN-NTN mobility within the same tracking area. So the preferred network configuration for supporting TN and NTN cells in deployment in Rel-17 is to configure them as different tracking areas. For this deployment configuration, the MME will have the UE-Radiopaging-Info capability of the current TA at any time and it can be used for paging.
Observation 3: Separate Radio paging capabilities for TN and NTN is not required for Rel-17 as the paging scenario covering both TN and NTN is same TA not addressed in Rel-17.
During connected mode mobility if supported between TN and NTN, the target node can trigger the capability inquiry procedure before further proceeding with RRC connection. This may have some restrictions in the UE functionality for a short duration during handover and RAN2 agreed not to further optimize in Rel-17. RAN can also update the new capability to MME which can replace the earlier stored values. Hence RAN2 doesn’t foresee an issue for having the different capability for TN and NTN to connected mode mobility.
Observation 4: No connected mode impacts are foreseen for UE having separate capabilities for TN and NTN. In this case, MME can replace the latest capability obtained from UE in the target cell.
Based on the above observations, it is possible to have different capabilities for TN and NTN in the network configured with different tracking areas for TN and NTN cells in Rel-17. So RAN2 can confirm that the use of different tracking areas for TN and NTN cells can be used to mitigate the issues related to having separate capabilities for TN and NTN for IoT-NTN UE.
Proposal 1: It is possible for IoT-NTN UE can have separate UE capability for TN and NTN without additional impacts to MME for Rel-17 using Network configuration for TA across TN and NTN cells.  Specification changes are not required in this case.

3 Conclusion
In this paper, we analyse the impact to MME on the storage of UE capability for IoT-NTN UE having separate UE capability for TN and NTN networks. Based on the analysis we make the following observations and proposals.
Observation 1: Single container for TN and NTN capability requires high specification efforts for Rel-17 where TN-NTN mobility optimization was not considered in the work..
Observation 2: MME can acquire the UE capability for the current serving cell based on the cell type information (NTN or TN) received from gNB by using the available methods for re-acquiring UE capability in the new cell.
Observation 3: Separate Radio paging capabilities for TN and NTN is not required for Rel-17 as the paging scenario covering both TN and NTN is not addressed in Rel-17.
Observation 4: No connected mode impacts are foreseen for UE having separate capabilities for TN and NTN. In this case, MME can replace the latest capability obtained from UE in the target cell.
Proposal 1: It is possible for IoT-NTN UE can have separate UE capability for TN and NTN without additional impacts to MME for Rel-17 using Network configuration for TA across TN and NTN cells.  Draft LS response to SA2 in line with the above proposal is provided in [2].
References
[1] R2-2209197       LS Reply from SA2 on IoT-NTN UE capabilities 
[2] R2-2210076 – Draft LS Response to SA2 on CN impacts for IoT-NTN UE capabilities

