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1	Introduction
In RANP#91 meeting, there was some discussions on the minimum scope of IoT NTN SI in Rel-17 as summarized in RP-210915. The functionalities needed specifically for IoT over NTN that cannot be translated from the ongoing NR NTN WI is one key aspect to be prioritized. In this contribution, we discuss the system information enhancements, as well as NB-IoT/eMTC features introduced in past 3GPP releases which is useful in the IoT over NTN.
2	Discussion
2.1 System Information Enhancements
In terrestrial IoT system, stationary or low mobility UE configured with eDRX configuration will have to synchronise to the same cell at the time of paging occasion and MIB acquisition. The system information contents need not be re-acquired if there was no change in system information between the eDRX paging occasions. UE detects the changes in system information based MIB value tag. For the same scenario in IoT-NTN, the UE may see new cell at time of eDRX paging occasion which depends on eDRX period and also the NTN cell change frequency. In this case the UE may need to re-acquire all the system information as it detected new cell. This will happen for most of the eDRX paging occasions. Additional system information re-acquisition for eDRX occasion will lead to considerable increase in energy consumption of idle mode operation.
Common system information across group of cells which are tracked via separate value tag can be considered to minimise the impact of system information re-acquistion. The area-based system information concept introduced in NR for specific set of system information can be extended for IoT-NTN. Alternatively, the UE may preserve system information for larger number of IoT-NTN cells with longer validity period.
Observation 1: NTN cell mobility will have significant impact on energy consumption for eDRX operation due to increased system information re-acquisition.
Proposal 1: RAN2 to consider enhancements to minimise the system information acquisition for eDRX operation as part of the study Item.
2.2 IoT Features for NTN Applicability
NB-IoT/eMTC systems evolved from Rel-13 until now up to 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 is different from the NR implementations. Hence we propose the study also identify and analyse the NTN applicability of NB-IoT/eMTC 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 (Power Save Mode).  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. 
In the following, we discuss some of the features, which may be beneficial in an NTN deployment.
· 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 2: 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 network may believe UE did not receive GWUS/paging, but in reality UE is just performing GNSS measurement.
Proposal 2: RAN2 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 and reduce the latency. 
Observation 3: 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. 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 4: The preconfigured uplink resources feature of release 16 is beneficial for NTN, but requires further study.
Proposal 3: RAN2 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 5: 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 6: 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 [5].
Proposal 4: Depending on the RAN1 link budget evaluation, sub-PRBs allocation in UL for eMTC could be considered 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 to support HARQ feedback disabling for IoT over NTN. If HARQ feedback disabling is supported, there will be issue on SR transmission which is piggyback with HARQ ACK/NACK since there is no HARQ feedback anymore.
Proposal 5: RAN2 to study dedicated scheduling request for NB-IoT with HARQ feedback disabled.
3	Conclusion
In section 2 we made the following observations:
Observation 1: NTN cell mobility will have significant impact on energy consumption for eDRX operation due to increased system information re-acquisition.
Observation 2: The release 16 feature group wake-up signal for NB-IoT/eMTC is useful for NTN.
Observation 3: The early data transmission features of release 15 and 16 are beneficial for NTN to save UE energy and reduce latency.
Observation 4: The preconfigured uplink resources feature of release 16 is beneficial for NTN, but requires further study.
Observation 5: Co-existence between NR and NB-IoT/eMTC is useful for NTN to facilitate in-band deployment of NB-IoT and/or eMTC.
Observation 6: eMTC standalone deployment feature is useful for NTN to facilitate eMTC standalone deployment.
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.

Based on the discussion in section 2 we propose the following:
Proposal 1: RAN2 to consider enhancements to minimise the system information acquisition for eDRX operation as part of the study Item.
Proposal 2: RAN2 to consider use of Group Wake-Up Signal for NTN and further study relevant issues.
Proposal 3: RAN2 to consider use of Preconfigured Uplink Resources for NTN and further study relevant issues.
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