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1	Introduction
In RAN2-118e meeting need for duplicating the capability indications of existing IoT features for NTN connectivity was discussed over AT-meeting e-mail discussion. Different solution options for NB-IoT and eMTC to address this issue were discussed without consensus on the final option. Moreover, the need for separate capability and features which requires such indication, and the reasons were not discussed. In this paper we further analyse this open issue.
2	Discussion
During the study phase of IoT-NTN WI it was concluded that all the features specified until Rel-16 are applicable for NTN connectivity unless specific issues are identified.  For some features such as PUR the additional changes required are identified and additional capabilities are specified for Rel-17.  During RAN2-118e meetings, many companies indicated that eventhough these features does not have any specification impacts there could be some additional UE implementation impacts and testing efforts to make these features applicable for NTN connectivity. Hence some companies prefer to indicate the capability for IoT features using new capability indication towards NTN. But the scenarios where such additional indications needed were not discussed in detail.
Observation 1: Device implementation may not support all the IoT-features supported for TN for NTN connectivity due to additional implementation and testing efforts required for the NTN connectivity.
When some capabilities supported for TN are not supported for NTN connectivity, UE can still make use of existing capability indication to indicate the same with values of capability field varies depending on the connected network. But this will require the UE to trigger NAS level signalling procedure on switching between TN and NTN cells to trigger the capability enquiry procedure from new serving cell. This option is already possible where UE can trigger NAS procedure if its E-UTRA capability has been changed  [TS36.331. Clause 5.6.3].
Observation 2: It is possible to indicate different values for same capability indication parameter towards TN and NTN cell for idle mode mobility. In this case, UE should trigger NAS signalling procedure to indicate the change of capability indication.
In case of connected mode mobility between TN and NTN cell use of same capability indication with different values for TN and NTN may lead to some impacts after the mobility procedure. To provide the updated capability UE may need to trigger NAS signalling procedure after connected mode mobility. This will require some additional specification changes.  But connected mode mobility between TN and NTN is not in the scope for Rel-17 IoT-NTN. Moreover NB-IoT does not support connected mode mobility.
Observation 3: Separate capability indication for IoT-Features will be required for connected mode mobility between TN and NTN.
Connected mode mobility between TN and NTN cells is not in the scope of Rel-17 functionality. Support for TN and NTN mobility will require some additional features to be introduced. But introducing separate capability for the features which are not supported for NTN in later release may lead to backward compatibility issues. Introducing the separate capability for specific features which requires additional UE implementation or testing efforts for NTN in Rel-17 is preferred for devices which supports connected mode mobility.

If separate capability indication is needed for NTN connectivity, the set of features which requires duplicate capability for NTN needs to be identified instead of introducing the separate capability indication for all the features.  We have considered NB-IoT feature capability list as example and analyse the need for duplication based on whether the feature is essential for NTN connectivity and the changes needed in UE implementation or testing for the specific feature in the below table.  The highlighted rows are potential candidate to consider for separate capability indication for NTN connectivity.
	 
	Essential for Initial IoT-NTN deployments
	Need for Additional Testing specific to NTN scenario
	Separate capability for NTN connectivity

	ue-Category-NB in NB-IoT (clause 4.1C)
	 
	 
	 

	supportedROHC-Profiles-r13 (clause 4.3.1.1A)
	Non Critical
	No NTN specific impacts
	No

	maxNumberROHC-ContextSessions-r13 (clause 4.3.1.2A)
	Non Critical
	No NTN specific impacts
	No

	rlc-UM-r15 (clause 4.3.2.5)
	Essential 
	No NTN specific impacts
	No

	multiTone-r13 (clause 4.3.4.55)
	Essential 
	No NTN specific impacts
	No

	multiCarrier-r13 (clause 4.3.4.56)
	Essential 
	No NTN specific impacts
	No

	twoHARQ-Processes-r14 (clause 4.3.4.62)
	Essential 
	No NTN specific impacts
	No

	multiCarrier-NPRACH-r14 (clause 4.3.4.75)
	Essential due to large device density per cell
	No NTN specific impacts
	No

	multiCarrierPaging-r14 (clause 4.3.4.76)
	Essential for large NTN cell and higher UE density
	No NTN specific impacts
	No

	interferenceRandomisation-r14 (clause 4.3.4.80)
	Non Critical
	No NTN specific impacts
	No

	wakeUpSignal-r15 (clause 4.3.4.113)
	Essential
	Reception of WUS and the offset to Paging occasion may have some impact due to longer delay. Also Feature effectiveness considering large number of UE per cell to be analysed. 
	Can be considered

	wakeUpSignalMinGap-eDRX-r15 (clause 4.3.4.114)
	Essential
	Reception of WUS and the offset to Paging occasion may have some impact due to longer delay. Also Feature effectiveness considering large number of UE per cell to be analysed. 
	Can be considered

	mixedOperationMode-r15 (clause 4.3.4.115)
	Non Critical
	No NTN specific impacts. No TDD spectrum in NTN band
	No

	sr-WithHARQ-ACK-r15 (clause 4.3.4.117)
	Non Critical
	No NTN specific impacts. No TDD spectrum in NTN band
	No

	sr-WithoutHARQ-ACK-r15 (clause 4.3.4.118)
	Non Critical
	No NTN specific impacts. No TDD spectrum in NTN band
	No

	nprach-Format2-r15 (clause 4.3.4.119)
	Non Critical
	No NTN specific impacts. No TDD spectrum in NTN band
	Not needed for NTN

	multiCarrierPagingTDD-r15 (clause 4.3.4.134)
	Non Critical
	No NTN specific impacts. No TDD spectrum in NTN band
	Not needed for NTN

	additionalTransmissionSIB1-r15 (clause 4.3.4.137)
	 
	 
	 

	npusch-3dot75kHz-SCS-TDD-r15 (clause 4.3.4.177)
	Non Critical
	No NTN specific impacts. No TDD spectrum in NTN band
	Not needed for NTN

	npusch-MultiTB-r16 (clause 4.3.4.182)
	Essential
	Considering long HARQ related delay multi-TB will improve the overall throughput /delay performance
	 

	npdsch-MultiTB-r16 (clause 4.3.4.183)
	Essential
	Considering long HARQ related delay multi-TB will improve the overall throughput /delay performance
	 

	npusch-MultiTB-Interleaving-r16 (clause 4.3.4.192)
	Essential
	Considering long HARQ related delay multi-TB will improve the overall throughput /delay performance
	 

	npdsch-MultiTB-Interleaving-r16 (clause 4.3.4.193)
	Essential
	Considering long HARQ related delay multi-TB will improve the overall throughput /delay performance
	 

	multiTB-HARQ-AckBundling-r16 (clause 4.3.4.194)
	Essential
	Considering long HARQ related delay multi-TB will improve the overall throughput /delay performance
	 

	groupWakeUpSignal-r16 (clause 4.3.4.195)
	Essential
	Reception of WUS and the offset to Paging occasion may have some impact due to longer delay. Also Feature effectiveness considering large number of UE per cell to be analysed. 
	Can be considered

	groupWakeUpSignalAlternation-r16 (clause 4.3.4.196)
	Essential
	Reception of WUS and the offset to Paging occasion may have some impact due to longer delay. Also Feature effectiveness considering large number of UE per cell to be analysed. 
	Can be considered

	subframeResourceResvUL-r16 (clause 4.3.4.197)
	Non Critical
	The functionality does not have impact due to NTN connectivity
	 

	subframeResourceResvDL-r16 (clause 4.3.4.198)
	Non Critical
	The functionality does not have impact due to NTN connectivity
	 

	slotSymbolResourceResvUL-r16 (clause 4.3.4.199)
	Non Critical
	The functionality does not have impact due to NTN connectivity
	 

	slotSymbolResourceResvDL-r16 (clause 4.3.4.200)
	Non Critical
	The functionality does not have impact due to NTN connectivity
	 

	supportedBandList-r13 (clause 4.3.5.1A)
	 
	 
	 

	multiNS-Pmax-r13 (clause 4.3.5.16A)
	Non Critical
	 
	 

	powerClassNB-20dBm-r13 (clause 4.3.5.1A.1)
	Non Critical
	 
	 

	powerClassNB-14dBm-r14 (clause 4.3.5.1A.2)
	Non Critical
	 
	 

	dl-ChannelQualityReporting-r16 (clause 4.3.6.37)
	Non Critical
	 
	 

	accessStratumRelease-r13 (clause 4.3.8.1A)
	 
	 
	 

	multipleDRB-r13 (clause 4.3.8.5)
	Non Critical
	 
	 

	earlyData-UP-r15 (clause 4.3.8.7)
	Essential
	 
	 

	earlySecurityReactivation-r16 (clause 4.3.8.11)
	 
	 
	 

	anr-Report-r16 (clause 4.3.12.2)
	Non Critical
	May require some changes to ANR aspects considering NTN deployments.
	 Can be considered

	rach-Report-r16 (clause 4.3.12.3)
	Non Critical
	 
	 

	logicalChannelSR-ProhibitTimer (clause 4.3.19.2)
	 
	 
	 

	dataInactMon-r14 (clause 4.3.19.9)
	 
	 
	 

	rai-Support-r14 (clause 4.3.19.10)
	Non Critical
	Functionality is not impacted due to NTN connectivity
	 

	earlyContentionResolution-r14 (clause 4.3.19.14)
	Non Critical
	May have some additional impacts or testing required for NTN connectivity.
	 Can be considered

	sr-SPS-BSR-r15 (clause 4.3.19.15)
	Non Critical
	 
	 

	rai-SupportEnh-r16 (clause 4.3.19.22)
	Non Critical
	 
	 

	earlyData-UP-5GC-r16 (clause 4.3.36.9)
	Not applicable
	 
	 

	pur-CP-EPC-r16 (clause 4.3.37.1)
	Not Critical
	Feature not applicable for LEO deployment in Rel-17. For GEO case, the feature will work along with additional NTN specific capability. As there is already NTN specific capability for NTN specific functionality, these capability bits need not be repeated for NTN
	 

	pur-UP-EPC-r16 (clause 4.3.37.2)
	Not Uritical
	Feature not applicable for LEO deployment. For GEO case, the feature will work along with additional NTN specific capability. As there is already NTN specific capability for NTN specific functionality, these capability bits need not be repeated for NTN
	 

	pur-CP-5GC-r16 (clause 4.3.37.3)
	Not Critical
	Feature not applicable for LEO deployment. For GEO case, the feature will work along with additional NTN specific capability. As there is already NTN specific capability for NTN specific functionality, these capability bits need not be repeated for NTN
	 

	pur-UP-5GC-r16 (clause 4.3.37.4)
	Not Uritical
	Feature not applicable for LEO deployment. For GEO case, the feature will work along with additional NTN specific capability. As there is already NTN specific capability for NTN specific functionality, these capability bits need not be repeated for NTN
	 

	pur-CP-L1Ack-r16 (clause 4.3.37.5)
	Not Critical
	Feature not applicable for LEO deployment. For GEO case, the feature will work along with additional NTN specific capability. As there is already NTN specific capability for NTN specific functionality, these capability bits need not be repeated for NTN
	 

	pur-NRSRP-Validation-r16 (clause 4.3.37.6)
	Not Critical
	Feature not applicable for LEO deployment. For GEO case, the feature will work along with additional NTN specific capability. As there is already NTN specific capability for NTN specific functionality, these capability bits need not be repeated for NTN
	 



Similar analysis should be done to identify the features which requires separate capability indication for eMTC also should be carried out if RAN2 decides to introduce separate capability indication for NTN for the existing features.
Proposal 1: RAN2 to conclude on the features which requires separate capability indication for eMTC based on Feature-wise analysis on the relevance and additional UE implementation impacts for NTN connectivity. 
Based on the above analysis, it is possible to use same capability indication with different value for NTN and TN during idle mode mobility, separate indication is not needed for NB-IoT. Because NB-IoT does not support connected mode mobility. 
Proposal 2: For NB-IoT, same capability indication parameter can be used with different values for TN and NTN connectivity.


3	Conclusion
Observation 1: Device implementation may not support all the IoT-features supported for TN for NTN connectivity due to additional implementation and testing efforts required for the NTN connectivity.
Observation 2: It is possible to indicate different values for same capability indication parameter towards TN and NTN cell for idle mode mobility. In this case, UE should trigger NAS signalling procedure to indicate the change of capability indication.
Observation 3: Separate capability indication for IoT-Features will be required for connected mode mobility scenario between TN and NTN.
Proposal 1: RAN2 to conclude on the features which requires separate capability indication for eMTC based on Feature-wise analysis on the relevance and additional UE implementation impacts for NTN connectivity. 
Proposal 2: For NB-IoT, same capability indication parameter can be used with different values for TN and NTN connectivity.







