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Introduction
[bookmark: _Hlk510705081]The study item description [1] for NB-IoT/eMTC support for non-terrestrial networks defined the following first objective:identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including:
-	Bands of interest in sub 6 GHz
-	Device type with PC3 or PC5 (LEO and GEO) 
-	Satellite constellation orbit LEO and GEO 
-	Transparent payload.
-	Link budget


In this contribution we provide our observations related to the applicable scenarios and additional notes on use cases and deployment options.
Discussion
Scenarios And Requirements
The IoT Features are introduced in Rel-13 mainly to support connectivity for low complexity battery operated IoT devices in cellular network. The initial use cases assumed for defining energy consumption and coverage requirements assumes mostly stationary or low mobility use cases as reference for performance evaluations. The throughput requirements and capacity requirements also assumes specific traffic model and user density assumptions based on the relevant use-cases. Later additional features are introduced for supporting extended scenarios.
For IoT-over-NTN, as first step of study the scenarios which are applicable for the first release of IoT-over-NTN needs to be identified. Based on these scenarios, the target performance requirements for power consumption, coverage enhancements, capacity and throughput requirements also needs to be identified.
The scenarios listed in [1] for NTN-over-IoT and some key characteristics in terms of CIoT performance is given in the below table.
	
	Battery Life time Requirements
	Coverage Requirements
	UE Mobility 
	Terrestrial Network Coverage
	Device density

	Transportation (Maritime,Air)
	Not critical
	Normal coverage (Extended coverage is not critical)
	Yes
	Not available
	Low /Mediuam

	Transportation (Rail, Road)
	Not Critical
	Normal Coverage
	Yes
	Possible
	Medium

	Utilities
	Critical
	Extended Coverage
	Limited/Stationary
	Possible
	Medium

	Farming
	Critical
	Normal Coverage
	Limited/Stationary
	Possible
	Large

	Envirorment Monitoring
	Critical
	Extended Coverage
	Limited/Stationary
	Depending on the scenario.
	Large

	Mining
	Critical
	Depends on scenario details 
	Stationary
	Not available
	Large



As per the above table, the characteristics of the scenarios have diversified requirements. As per the above table if all these scenarios needs to be supported, the system needs to support the same performance for coverage, battery lifetime, mobility and idle mode mobility with terrestrial IoT network. Prioritisation of specific scenarios for initial release will be beneficial to focus on the study relevant for the scenarios.
Proposal 1: RAN2 to discuss and agree upon the NTN-IoT scenarios that forms the basis of study item in Rel-17.
NB-IoT/eMTC devices needs to support battery lifetime, coverage enhancement and capacity requirements as specified in [5]. For IoT-NTN network the key performance requirement changes with respect to the reference requirements also needs to be studied and concluded. The functional requirements of NTN-IoT depends on the above requirements. For example the capacity of NB-IoT carrier /eMTC carrier of NTN cell depends on the coverage area of NTN cell and also the device population density assumed for NTN-IoT devices. In this case the coverage area is multiple times larger than terrestrial IoT cell but the device density is also expected to be lower compared to normal IoT device.
Proposal 2 :Performance Requirements of IoT-NTN system in terms of battery life time, coverage enhancements and system capacity should be analysed and concluded as basis for further study on the functional requirements.
Following is the working assumption made in the study item.
GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.
Further analysis is required on the dependency of NB-IoT/eMTC operation on the GNSS operation. Depending on this dependency the overall energy consumption for different scenarios needs to be re-evaluated. For example, the energy consumption analysis assumed the device in deep sleep mode prior to the transmission of uplink packet transmission for the traffic model defined for this analysis. If the GNSS based pre-compensation is assumed as pre-requisite for the access, the power consumption of this GNSS operation needs to be considered in the battery life-time analysis.
Proposal 3 :Dependency of GNSS based pre-compensation for NB-IoT/eMTC operations such as uplink transmission and eDRX operations needs to be concluded as part of the study.
Proposal 4: Battery life time analysis needs to include the power consumption of GNSS operation prior to IoT operation.
Basic NB-IoT /eMTC features of Rel-13 supports only minimum throughput requirements with limited HARQ process and MCS schemes. Later releases introduces further enhancements to improve throughput requirements. Depending on the throughput requirements of IoT-NTN system, the minimum feature sets associated with IoT-NTN can be concluded.
Proposal 5: Minimum throughput requirements of IoT-NTN should be identified as basis for further study on applicability of features relevant for throughput enhancements.
In addition, low complexity CIoT systems also have maximum delay for transmission of exception reporting from the devices. This delay includes the time taken by the UE to frequency/time synchronise after leaving the deep sleep state and time taken for network synchronisation followed by RACH access and uplink transmission of exception report. This limit was set to 10 seconds for LTE based IoT. 
For IoT-over-NTN there could be additional delay for the above scenario which also involves GNSS based timing /frequency compensation prior to the transmission. 
Proposal 6 : Latency requirements corresponds to exception reporting from idle mode UE in deep sleep condition also needs to revisted for IoT-NTN scenario.
The RLC timers (e.g.t-PollRetransmit) should at least cover not only the RTD of NTN (up to 541ms in GEO) but also the duration of DL transmission repetitions and UL transmission repetitions of a HARQ. The required repetition number for IoT over NTN for different channels depends on the maximum MCL to be supported in NTN scenario and NTN channel characteristics, which should be studied in SI first.
Proposal 7: The maximum supported repetition number for different channels in IoT-NTN should be identified as basis for timers relevant enhancements.
Considering the latest NB-IoT/eMTC UE capability of Rel-15 as basis, mandatory capability set needed for basic operation of IoT-NTN should be concluded. The study item shall further analyse the impacts to support this minimum capability for Rel-17. Inclusion of additional capabilities as optional capability for IoT-NTN can be considered based on the time available within Rel-17. In additional to the capability related to IoT features, this analysis also includes additional capability needed related to NTN operation such as GNSS based timing compensation, positioning masurements based on GNSS.
Proposal 8: RAN2 discuss and agree upon minimum UE capability set needed for basic IoT-NTN operation.

Deployment Aspects
Support of NB-IoT and eMTC over NTN is needed for specific application scenarios. As per working assumption these devices also needs to support GNSS operation. The support for switching between NTN and TN in idle mode may depend on the application scenario. If such support is required, further study is required related to analysis on system information changes in NTN and TN system for update of information due to relative mobility between NTN and TN cells. In our view, this interaction will require considerable additional analysis.
Proposal 9 :RAN2 to discuss on the support for idle mode mobility between NTN and TN system in Rel-17 considering the additional study needed related to system information changes to support this functionality.
All the NB-IoT and eMTC features until Rel-15 are only applicable for EPC connectivity. NGC connectivity for IoT support was introduced in Rel-16 to enable migration of deployments to NGC as part of NR introduction in Rel-16. Many of the existing deployments and devices are yet to support NGC connectivity. Hence we propose to limit the IoT-NTN only for EPC connectivity in the study scope for Rel-17. NGC connectivity can be introduced in later releases depending on the need from deployments. 

Proposal 10: EPC connectivity shall be considered as basis for IoT-over-NTN study. 

Conclusion
In this discussion paper we analyse the scenarios applicable for NTN-IoT and the performance requirements for IoT-NTN. We also further discuss on the deployment aspects for NTN-IoT.  Based on the analysis we make following proposals.
Proposal 1: RAN2 to discuss and agree upon the NTN-IoT scenarios that forms the basis of study item in Rel-17.
Proposal 2 :Performance Requirements of IoT-NTN system in terms of battery life time, coverage enhancements and system capacity should be analysed and concluded as basis for further study on the functional requirements.
Proposal 3 :Dependency of GNSS based pre-compensation for NB-IoT/eMTC operations such as uplink transmission and eDRX operations needs to be concluded as part of the study.
Proposal 4: Battery life time analysis needs to include the power consumption of GNSS operation prior to IoT operation.
Proposal 5: Minimum throughput requirements of IoT-NTN should be identified as basis for further study on applicability of features relevant for throughput enhancements.
Proposal 6 : Latency requirements corresponds to exception reporting from idle mode UE in deep sleep condition also needs to revisted for IoT-NTN scenario.
Proposal 7: The maximum supported repetition number for different channels in IoT-NTN should be identified as basis for timers relevant enhancements.
Proposal 8: RAN2 discuss and agree upon minimum UE capability set needed for basic IoT-NTN operation.
Proposal 9 :RAN2 to discuss on the support for idle mode mobility between NTN and TN system in Rel-17 considering the additional study needed related to system information changes to support this functionality.
Proposal 10: EPC connectivity shall be considered as basis for IoT-over-NTN study. 
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