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This document entails a list of candidate topics for potential RAN4 led Rel-19 IoT-NTN-evolution WI(s).
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[bookmark: _Toc152599850]Support of higher Tx power IoT-NTN capable UE
[bookmark: _Toc152599851]Justification
During the Rel-17 technical discussions an issue of applicable power classes was discussed, and it was agreed to focus on PC3 (+23 dBm) as a common terrestrial power class. However, there are more and more terrestrial bands that have PC2 (+26 dBm) and even PC1.5 (+29 dBm) power classes with the corresponding support at the UE side, which could also benefit the satellite communication. This issue was raised during the RAN#97 meeting, and it was concluded that TSG RAN would consider enabling high-power classes also for the NTN links.
In addition to the NR NTN technology, RAN#92 approved a Rel-17 Work Item to enable so-called IoT communication over the satellite links. However, similarly to the NR NTN track, existing IoT NTN specifications do not allow operation with the Tx power higher than +23 dBm.  
Despite the link budget closing, IoT-NTN link budgets (both NB-IoT and eMTC) are still very much power starved, especially in the UL, making it difficult to satisfy all use cases and usage conditions, especially non-handheld use cases, without impacting system capacity. This is true for both GEO and NGSO deployment scenarios.
Satellite communication involves transmitting signals over long distances, which results in larger path loss. Therefore, NTN operation generally benefits from, and in some cases may require, high power UE to ensure that communication is available even in adverse conditions such as during severe weather events or natural disasters. High power UE can compensate for this loss, help improve UL coverage and performance and ensure reliable communication. 
Although repetitions are allowed in NBIoT, they are useful only in quasi-static channels, not in countering dynamic blockages, and come at the expense of significant system capacity. Furthermore, it can be noted that in IoT Terrestrial Networks (TN), the use of repetitions for UE in extreme coverage can be considered acceptable since typically only a limited subset of the UE population requires it.
In Non-Terrestrial Network deployments this is not true. Since the link budget is primarily dominated by the path loss between the UE and the satellite, the vast majority of the UE population in a cell will experience a similarly challenging link budget, therefore many UE, or at least for UE of a given class and with similar antenna characteristics, may have to employ repetitions. This impacts the UE battery life, and severely impacts NTN cell capacity, the latter compounded by the NTN cell size being much larger than TN [5].  
Higher TX powers, on the other hand, can help satellite operators delivering services without compromising on the system capacity.
It should also be noted that IoT NTN link budgets have so far been computed with a 0 dB antenna gain [1][2]. This was initially the case also for NR NTN, but the assumption was later revised to -5.5 dB to account for typical implementations for smartphones, which lead RAN1 to identify the need for coverage enhancements [3].  If instead, a more realistic average antenna gain is assumed for the typical low capability IoT UE, the need for higher TX powers to compensate may become even more obvious.
For a number of IoT NTN use cases, including automotive, maritime, logistics, outdoor industrial monitoring and other scenarios not reliant on battery power, such that the higher power requirements of PC2, PC1.5 and PC1 are not an power issue.
Lastly, for the satellite community, this should also be a good opportunity to better and more clearly align with the existing regulation and specs used by current satellite services (primarily MSS), such as ECC/CEPT and FCC, but not only, which typically allow significantly higher UE transmit powers even for handheld UE (e.g. satellite phones and trackers, which are different from smartphones), and operate in narrow-band spectrum. Therefore, regulation is not expected to be a barrier.

[bookmark: _Toc152599852]Objectives
Assumptions
· Both eMTC IoT NTN UEs (Cat M1) and for NB-IoT NTN UEs (Cat NB1, NB2) to be considered
· NTN FR1 bands (i.e. n256, n255, n254 and upcoming Extended L-band (UL: 1668-1675 MHz, DL: 1518-1525 MHz)
· Support UE with PC2 (+26 dBm)
· Support UE with PC1.5 (+29 dBm) and PC1 (+31 dBm).
· Note that PC1 and PC1.5 are not targeted for smartphones.

Objective include
· Update, if needed, coexistence analysis based on TR 38.863 defined methodology [RAN4]
· Possibly revisiting geographical separation between IoT NTN UE and Terrestrial Networks (TN) at least for certain use cases and scenarios (e.g. automotive)
· Specify RF and RRM aspects of the targeted UE [RAN4]
· Possibly revisiting NB-IoT spectrum emission mask (SEM)
· Specify transmission enhancement for NTN high power UE, e.g. duty cycle enhancement subject to Specific Absorption Rate restriction [RAN2]

[bookmark: _Toc152599853]Working groups
RAN1, 2, 4
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[bookmark: _Toc152232234][bookmark: _Toc152599854]In-band IoT 
[bookmark: _Toc152232235][bookmark: _Toc152599855]Justification
NTN NB-IoT has been defined in Rel-17 and there has been successful demonstration of NTN capable devices. To support growth of NTN NB-IoT it is necessary to further improve and encourage the network deployment with NTN-NR operation. NB-IoT in-band operation co-existence with NR allows the configuration of the DL/UL resource reservation on non-anchor carriers for unicast transmission to avoid resource overlapping with NR channels/signals. In leveraging the co-existence work in TN, three system scenarios have been studied and captured in TR 37.824:
· For NB-IoT operation in NR in-band, RB alignment, power boosting and numerologies have been addressed 
· For NB-IoT operation in NR guard band, RF requirements will not be specified
· For NB-IoT standalone operation, based on coexistence study, it is concluded that there is no issue for NB-IoT standalone coexistence with NR

[bookmark: _Toc152232236][bookmark: _Toc152599856]Objectives
Specify for NTN NB-IoT in-band operation co-existence with NTN NR. 
· Investigate if the work done for TN in RAN1 can be leveraged - for the resource reservation for UL/DL FDD NB-IoT non-anchor carriers, to avoid resource overlap between NR and NB-IoT when NB-IoT is deployed within an NR carrier [RAN1].
· •	Investigate NTN NB-IoT in-band, guard band and standalone operation co-existence with NTN NR [RAN4].
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RAN1, 4
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To ensure that the 3GPP tests are sufficient for an operation with NGSO networks i.e. dynamic conditions
[bookmark: _Toc152232509][bookmark: _Toc152599860]Objectives
Define delay and Doppler shifts matching the satellite propagator model [RAN4]
update core RF requirements (e.g. frequency accuracy error) and RRM requirements (e.g. timing error) to be valid/applicable for dynamic channel conditions for FR1. 
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RAN4





[bookmark: _Toc152599862]Conclusion and Way forward
Proposal: Consider the following topics as part of RAN4 led Rel-19 IoT-NTN-evolution WI(s):
· High Power transmit UE
· In band IoT_NTN
· Enhanced TE-emulated channel model
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