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Introduction
[bookmark: _Hlk510705081]Since the introduction of NB-IoT and eMTC in release 13 each new release has resulted in additional features for the two technologies. The features target among others power saving, coverage enhancements, network optimization and co-existence. Some of the features are different or are implemented differently from NR and therefore the learnings from the NR NTN SI and WI may not be directly reused.
Table 1 provides an overview of the NB-IoT and eMTC features per release. Note rel-17 is not completed.
[bookmark: _Ref67647949]Table 1 Overview of NB-IoT/eMTC features per release.
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In this contribution, we review some of the features’ applicability to NTN.
Given the recent RAN plenary discussions on limiting the SI scope to the esentials, we provide the applicability analysis also as a pointer to further enhancements for future releases.
Feature-by-feature analysis
Group wake-up signal
The wake-up signal (WUS) was introduced for eMTC and NB-IoT in release 15. It enables the network to inform the UEs in a cell whether or not to monitor one of more Paging Occasions (POs) following the WUS. The reason for introducing the feature is that the monitoring for the sequence-based WUS is more energy efficient than monitoring for paging in the PO. In release 16, the group-WUS (GWUS) was introduced, allowing the network to only trigger a subset (a group) of UEs in a cell to monitor the PO(s). This effectively reduces the false alarm rate, and considering the large NTN cell sizes, the GWUS may be a useful feature for NTN.
Observation 1: The release 16 feature group wake-up signal for NB-IoT/eMTC is useful for NTN.
One issue related to GWUS is that current specification defines it is only applicable in the cell where UE most recently entered RRC Idle. Since LEO deployments lead to fast changing cell coverage, this issue may need to be addressed to ensure general applicability of GWUS.
Another aspect related to use of GWUS is that the UE may decide not to utilize GNSS before the GWUS has indicated the UE has to monitor the PO, or potentially not utilize GNSS before PO has indicated UE needs to initiate RRC connection. Both scenarios may require that network allocates a “GNSS measurement gap”, such that UE has time to complete the GNSS measurement before network repeats GWUS/paging, because it believes UE did not receive GWUS/paging, but in reality UE is just performing GNSS measurement.
Proposal 1: RAN1 to consider use of Group Wake-Up Signal for NTN and further study relevant issues.
Early data transmission
The early data transmission (EDT) feature was standardized for mobile-originated data in release 15 and for mobile-terminated data in release 16 for eMTC and NB-IoT. The feature enables (for mobile-originated data) the UE to transfer a small amount of data in msg3 of the Random Access procedure. If the transmission is successful, the UE will not move to RRC Connected mode, but return to RRC Idle (sleep). The network is responsible for defining applicable transport block sizes and number of repetitions to use – similar to configuration for Random Access.
The feature reduces the signalling overhead and the delay in transferring the small amount of data, and therefore also saves UE energy. 
Observation 2: The early data transmission features of release 15 and 16 are beneficial for NTN to save UE energy and reduce latency.
Preconfigured Uplink Resources
The preconfigured uplink resources (PUR) builds on the EDT concept, but allows to skip the msg1 and msg2 steps of the Random Access procedure if the UE can confirm the serving cell is the same and optionally that Timing Advance is valid/RSRP is within a certain range, and instead directly initiate the data transmission using the PUR. The PUR is configured in a previous RRC connection and enables further potential energy savings compared to EDT. The feature applies to NB-IoT and eMTC.  
In terms of the feature’s applicability in NTN, there are issues related to the LEO deployments, where the serving cell may change frequently and radio conditions also vary fast [1]. Therefore, it may be necessary to study whether a PUR configuration can be applicable to other cells than the serving cell, which provided it. Furthermore, since PUR usually requires the UE validates the TA, it may be beneficial, from an energy saving perspective, to consider how the UE can validate the TA. The study item assumes the UE is equipped with GNSS, but other options shall not be precluded for PUR TA validation. Due to the varying radio conditions, the original PUR configuration may also not suit current radio conditions very well. The issues of TA validation and PUR configuration require further study. 
Observation 3: The preconfigured uplink resources feature of release 16 is useful for NTN, but requires further study.
Proposal 2: RAN1 to consider use of Preconfigured Uplink Resources for NTN and further study relevant issues.
NR co-existence enhancement & eMTC standalone deployment
The NR co-existence enhancement was defined for NB-IoT and eMTC in release 16. The feature facilitates in-band deployment of the IoT technologies in NR by resource block alignment and/or use of guard bands. Since NR is likely to be deployed as a non-terrestrial network it seems useful to facilitate in-band deployment of NB-IoT and/or eMTC instead of deploying a new, separate constellation.
Observation 4: Co-existence between NR and NB-IoT/eMTC is useful for NTN to facilitate in-band deployment of NB-IoT and/or eMTC.
In addition, the standalone deployment feature for eMTC (release 16) is essential for some NTN deployments, because LTE is not likely to be available. The feature enables eMTC to utilize the previously reserved LTE control channel resources.
Observation 5: eMTC standalone deployment feature is useful for NTN to facilitate eMTC standalone deployment.
Sub-PRB allocation in UL for eMTC 
Release 15 enabled eMTC to use 3 or 6 subcarriers in uplink instead of a full PRB (12 subcarriers). RAN1 link budget evaluation assumptions already include this feature and results demonstrate how it improves the link budget [2]. 
Observation 6: Sub-PRB allocation in UL for eMTC is useful for NTN.
Non-anchor carrier operation in NB-IoT
In release 14 the use of non-anchor carrier operation was introduced for NB-IoT. 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. Additionally, it specifically allows for paging and random access on non-anchor carriers. Considering the large cell sizes in NTN it is beneficial to obtain additional paging capacity and PRACH capacity by use of additional carriers.
Observation 7: Non-anchor carrier operation is helpful to improve capacity of NB-IoT for NTN.
Dedicated scheduling request for NB-IoT
In release 15, the use of dedicated scheduling request for NB-IoT was introduced. Prior to that, the UE had to use random access to request uplink resources to send a buffer status report (BSR). With the new feature, the UE may piggyback a scheduling request in HARQ ACK/NACK feedback. This reduces signalling overhead and latency, which also leads to improved UE battery life.
Observation 8: Dedicated scheduling request for NB-IoT is useful for NTN.
RAN1 is studying whether to support HARQ feedback disabling for IoT over NTN. If HARQ feedback disabling is supported, there will be an issue for SR transmission, which is piggybacked with HARQ ACK/NACK, since there is no HARQ feedback anymore. One option may be to define a dedicated scheduling request if HARQ feedback is disabled. 
Summary
In this contribution we discussed 7 features, which may lead to improvements in terms of energy saving, latency, link budget, system capacity and facilitate NTN deployment. We observed all below listed features may be useful for IoT NTN:
1. Group wake-up signal
2. Early data transmission
3. Preconfigured Uplink Resources
4. NR co-existence enhancement & eMTC standalone deployment
5. Sub-PRB allocation in UL for eMTC 
6. Non-anchor carrier operation in NB-IoT
7. Dedicated scheduling request for NB-IoT
Proposal 3: RAN1 to consider the applicability of the discussed NB-IoT and/or eMTC features and whether further study is needed to benefit from the features in current or future IoT NTN releases.
Conclusion
In this contribution, we discussed standardized release 14-16 features for NB-IoT/eMTC with focus on applicability in NTN. We make the following observations and proposals:
Observation 1: The release 16 feature group wake-up signal for NB-IoT/eMTC is useful for NTN.
Observation 2: The early data transmission features of release 15 and 16 are beneficial for NTN to save UE energy and reduce latency.
Observation 3: The preconfigured uplink resources feature of release 16 is useful for NTN, but requires further study.
Observation 4: Co-existence between NR and NB-IoT/eMTC is useful for NTN to facilitate in-band deployment of NB-IoT and/or eMTC.
Observation 5: eMTC standalone deployment feature is useful for NTN to facilitate eMTC standalone deployment.
Observation 6: Sub-PRB allocation in UL for eMTC is useful for NTN.
Observation 7: Non-anchor carrier operation is helpful to improve capacity of NB-IoT for NTN.
Observation 8: Dedicated scheduling request for NB-IoT is useful for NTN.

Proposal 1: RAN1 to consider use of Group Wake-Up Signal for NTN and further study relevant issues.
Proposal 2: RAN1 to consider use of Preconfigured Uplink Resources for NTN and further study relevant issues.
Proposal 3: RAN1 to consider the applicability of the discussed NB-IoT and/or eMTC features and whether further study is needed to benefit from the features in current or future IoT NTN releases.
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