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1	Introduction
One of the important aspect to be studied as part of the IoT-NTN study item is the applicability and specification impact of the features introduced for terrestrial cellular IoT system from Rel-13 to Rel-17. In this discussion paper we analyse the NB-IoT /eMTC features introduced in past 4 3GPP releases for consideration in the IoT-NTN study item. We also propose to prioritise the applicability of features based on the benefits and relevance for NTN scenarios.
2	Discussion
NB-IoT/eMTC systems evolved from Rel-13 until now upto Rel-16 with various features introduced focusing on enhancements for energy consumption, coverage and network operation aspects. Many of these features are not applicable for NR over terrestrial network. For some features the way the feature is implemented are different from the NR implementations. So we propose the study also identify and analyse the NTN applicability of NB-IoT specific features.
The basic functionality for NB-IoT/eMTC devices introduced in Rel-13 are power saving and coverage enhancements. 
For power saving, extended DRX and power saving functionality with UE entering into deep sleep mode without any network monitoring for long time was supported.  In addition the idle mode RRM measurements are further relaxed to reduce the power consumption.  
Extended coverage is supported with blind physical layer transmissions for all the channels. For common channels such as PBCH and System Information maximum repetitions applicable for extended coverage are used. For other channels number of repetitions based on the coverage condition of the UE is applied with additional blind decoding attempts.  The maximum repetitions associated with each coverage level are configurable via system information. For connected mode operation, the number of repetitions are controlled via dedicated signalling. UE assistance information about coverage level may be required to fine tune the number of repetitions.
Further releases of NB-IoT/eMTC enhances the basic functionality to further improve the power saving, network efficiency and operational enhancements. Below table provides the brief list of NB-IoT/eMTC features introduced upto Rel-17
[image: ]
Proposal 1: IoT-NTN study should include the impact analysis and applicability of existing IoT features for NTN.
As the NTN cell coverage is potentially several times larger than terrestrial coverage, the device density per cell is expected to be higher in NTN cells.  In such cases, single carrier operation is not sufficient to handle the device density of NTN cell. Hence multi-carrier operation with non-anchor carriers is essential for NB-IoT over NTN. As this feature is essential for IoT-NTN operation, the baseline release for adaptation should be Rel-14.
Proposal 2: For NB-IoT over NTN, Rel-14 NB-IoT functionality is assumed as baseline functionality with support of non-anchor carrier operation for idle mode operation as mandatory capability.
As energy efficiency is key aspect for IoT-NTN operation, the features relevant for energy efficiency should be prioritised for analysis on applicability for IoT-NTN.  The key features required for energy efficient operations are 
· Mobile originated Early Data Transmission 
· Pre-configured uplink resources
· (group) Wake-up Signal Support.
· Relaxed monitoring
· Quick Release of RRC Connection 
Above features are applicable for both NB-IoT and eMTC. There are some features specific to eMTC such as sub PRB operations, which also improve the energy consumption of the devices. 
Proposal 3: IoT Features which enhances the energy efficiency of the device should be considered for adaptation for NTN operation with high priority.
As the initial release for IoT-NTN aims to provide minimum throughput performance with improved energy efficiency, the features which enhances throughput performance can be considered in later releases for adaptation to IoT-NTN. The features such as multiple transport block scheduling, higher transport block sizes, higher MCS support can be Considered for adaptation after the features relevant for energy consumptions are studied
Proposal 4: RAN2 to discuss the priority of the NB-IoT/eMTC Features Associated with throughput enhancement for Rel-17 study.
For IoT-over-NTN one of the main issue which impacts the delay of transmission is the HARQ feedback for single transmission. With more number of HARQ processes and bundling this impact of the HARQ feedback delay can be minimised. Hence we propose that HARQ optimisation features introduced in eMTC/NB-IoT are considered in Rel-17 study item along with power saving features.
Proposal 5: HARQ optimisation features of eMTC/NB-IOT are considered in Rel-17 IoT-NTN study.

It was agreed to consider EPC connectivity as baseline functionality for IoT-NTN in RAN2-112e. As most of the existing NB-IOT/eMTC deployments and also the devices only support EPC connectivity, extending the device and network connectivity of existing IoT network for NTN for EPC would require minimum migration efforts.  5GC connectivity for CIoT is only defined in Rel-16 and network deployments and devices with this capability are yet to be available. Hence we propose to exclude 5GC connectivity for IoT-NTN in Rel-17 to minimise the study efforts in analysing the features which are not immediately required for deployments.
Proposal 6: 5GC Connectivity for IoT-NTN should be excluded from Rel-17 study Item.
As the IoT-NTN device will have GNSS functionality, the positioning features introduced in NB-IoT /eMTC devices which make use of terrestrial network components are not required for the IoT-NTN devices. Furthermore, it may be difficult to facilitate OTDOA, because the IoT-NTN device is not likely to be able to receive from multiple different satellites within a short time span.
Proposal 7: Positioning Features introduced in NB-IoT/eMTC specifications are not required for IoT-NTN operation.
As NR-NTN and IoT-NTN services may co-exist at the same time from given network deployments, the eMTC/NB-IoT features applicable for NR co-existence needs to be analysed as part of IoT-NTN study item.
Proposal 8: NR Co-existence Features of NB-IoT/eMTC should be considered for adaptation as part of IoT-NTN study work.

3	Conclusion
The following proposals and observations were made in this paper:
Proposal 1: IoT-NTN study should include the impact analysis and applicability of existing IoT features for NTN.
Proposal 2: For NB-IoT over NTN, Rel-14 NB-IoT functionality is assumed as baseline functionality with support of non-anchor carrier operation for idle mode operation as mandatory capability.
Proposal 3: IoT Features which enhances the energy efficiency of the device should be considered for adaptation for NTN operation with high priority.
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