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Introduction 
[bookmark: _GoBack]With the present document we want to present Inmarsat views on the critical importance of a normative phase for NTN-IoT (IoT over Non-Terrestrial Networks) within the timeframe of Release 17.
The urgency to have an IoT NTN global standard was already explicitly expressed to 3GPP TSG RAN#86 in Sitges in December 2019 [1].
Since then, the situation has been exacerbated by the global COVID-19 pandemic, which has introduced significant delays in the Release 17 schedule.   
Following the decision from September 2020 RAN #89-e, work on the Study Item activity has kicked off in November 2020 and since then there has been some good progress [2].
It is of utmost urgency to make sure RAN secures a normative phase for NTN-IoT with a Work Item within the Release 17 timeline.

Discussion 
[bookmark: _Toc493127338]Lack of extensive coverage and international roaming have been identified as some of the key issues slowing down terrestrial 3GPP IoT adoption worldwide [5]. NTN and in particular satellite has the potential to bridge this gap and thus propel global 3GPP IoT deployment.  This has been highlighted multiple times by different groups, including NGMN [7].
Observation 1:  Global coverage and international roaming have been identified by the IoT industry as key factors in driving global IoT adoption and lack of such capabilities has been identified as a blocker for global 3GPP IoT adoption.  
Observation 2:  Satellite is particularly well-positioned to fill the coverage gap and provide international roaming to 3GPP IoT services.
Satellites exist today which are capable of providing nearly 100% geographical coverage across the planet for IoT applications in frequencies that are already compatible with current 3GPP IoT standards. The existing fleet of Inmarsat L band satellites is an example of such capabilities, as they are already able to provide instant global coverage (with multiple layers of coverage at different elevation angles), full global mobility support and very flexible capacity allocation thanks to their dynamic digital payload capabilities.
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The L band frequency is also particularly well-suited for IoT applications.  It is already within the 3GPP standard and provides high capacity, favorable link budget and very strong resiliency.
Inmarsat satellites and systems already support a large variety of satellite IoT services [8], largely, but not exclusively, via satellite-specific protocols and waveforms, and the overall demand for affordable and efficient satellite IoT services is increasing, as the users require global or quasi-global coverage.
The investment in satellite is increasing and satellite technologies are becoming more and more accessible and relevant to verticals.  Inmarsat themselves has already invested in more satellites to extend its capabilities [9].
Inmarsat also see ever increasing demand from verticals for seamless hybrid satellite-terrestrial IoT connectivity, particularly for low-bandwidth IoT messaging applications, for which NB-IoT is well suited.   Many of these use cases are challenging or costly to address with proprietary satellite-only solutions. 
Satisfying this demand requires low cost, small size IoT UEs with highly-integrated terrestrial-satellite capability. Therefore, a common, standards-based protocol is important to simplify the UE stack and leverage mass market economies as well as easy accessibility of the technologies to verticals.   
These views have been shared by other key IoT verticals, who have also stressed the critical importance for a solution within the Release 17 timeframe and for the focus on a subset of minimal features [6].
Observation 3: The need and urgency for a 3GPP-standard hybrid satellite-terrestrial IoT solution within Release 17 has been expressed by MNOs, satellite operators and verticals alike.
A 3GPP standardized solution for NTN-IoT, particularly such as NB-IoT for tracking and messaging applications, is uniquely positioned to address this market need and would create a massive boost to CIoT adoption overall, thus producing huge benefits to IoT verticals, IoT service providers, satellite and terrestrial MNOs alike – imagine if every new NB-IoT UE sold on the market came out of the box with the capability to connect to a satellite anywhere in the world, anytime.
A recent public trial conducted jointly by Inmarsat, MediaTek and Taiwan’s Institute for Information Industry has validated NB-IoT with key protocol enhancements and adaptations currently proposed in the Release 17 IoT NTN SI by achieving successful bi-directional link and full RACH procedure based on a Release 13 NB-IoT UE, III’s NB-IoT eNB over Inmarsat live GEO satellite in L band (Inmarsat-4A “Alphasat”) [2].  The results of the trial have been submitted to 3GPP RAN [3].  
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Furthermore, our live trial results and analysis so far of the various 3GPP IoT protocols indicate that NB-IoT is particularly well-suited for deployment over NTN, already on existing GEO and small-LEO systems, due to its very flexible and granular resource configuration and its very small resource allocation requirements.  
Observation 4: Based on the results of public live trials conducted in the summer of 2020, NTN adaptations for NB-IoT currently proposed for Release 17 have been validated on existing GEO transparent L-band satellites. Demonstrating that minimal specification change is required in NB-IoT to support NTN.
Observation 5: Based on analysis and results from public trials NB-IoT is the best suited for satellite deployment on both existing and upcoming satellites, among the current 5G IoT protocols, thanks to its flexible and granular radio resource configuration and its very small resource allocation requirements.
Observation 6:  Some of the key NB-IoT protocol enhancements and adaptations for NTN proposed for Release 17 have been validated on an existing live Inmarsat GEO L band satellite and with a standard MediaTek NB-IoT UE in a public trial.
It is of course clear that, in order for mass-market hybrid satellite-terrestrial IoT to be successful, a spectral efficiency will also be of key importance for the standard, in order to make the deployment costs sustainable by satellite operators (GSO and NGSO alike) and thus the service affordable by customers in IoT verticals.  This would also allow emergence of new players in the market that want to start small and grow to provide a sustainable service by partnering with both NTN and TN operators.  Thus 3GPP RAN should prioritise standardization efforts in this sense.
Observation 7: Spectral efficiency of the NTN-IoT solution over existing and in-deployment satellite constellations is of paramount importance for sustainability and affordability of the solution by operators, verticals and users.
Observation 8: Power and battery life efficiency of the UEs is also crucially important for an integrated satellite-terrestrial 3GPP IoT solution.
However, for all of the above to happen, it is of foremost importance that a working IoT NTN standard is specified as soon as possible, certainly within the Release 17 timeframe.
Observation 9:  A minimum working solution for NTN-IoT within Release 17 is the absolute minimum requirement and prerequisite for adoption and any further optimizations.
Observation 10: Failure of 3GPP to secure a minimum working specification for NTN-IoT in Release 17 will drive verticals and satellite operators alike to adopt other non-3GPP solutions to fulfil the massively growing market need.  This will hurt the 3GPP ecosystem and constitute lost opportunities for terrestrial MNOs in particular.

Conclusions
We are seeking RAN to consider the following proposals:
Proposal 1:  RAN to discuss a WF for an NTN-IoT normative phase aimed at specifying a minimum functional solution of NTN-IoT within Release 17.
Proposal 2: RAN can encourage RAN1/2 to focus on achieving a minimum working solution for NTN-IoT, to be prioritized over additional optimizations.
Proposal 3: RAN can consider prioritizing NB-IoT, as it has been proven to work effectively over existing and in-deployment satellite constellations.
Proposal 4: If further prioritization is necessary, RAN should prioritize NTN-IoT features oriented to support existing and in-deployment satellite constellations in GSO and NGSO. 
Proposal 5: If further prioritization is necessary, NTN-IoT connected mobility can be deprioritized for Release 17.
Proposal 6:  The solutions should prioritize features aimed at achieving a spectrally-efficient and resource-efficient standard for NTN-IoT on existing and in-deployment GSO and NGSO satellites, including dynamic GEO and discontinuous LEO.  This will increase sustainability and affordability for operators and users.
Proposal 7:  The solutions should also prioritize features aimed at increasing power efficiency and battery life of the UEs.
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