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1	Introduction
Spectrum is a limited resource, both for terrestrial and non-terrestrial applications.  There is no NB-IoT offering which can make use of unpaired spectrum for non-terrestrial networks, because the propagation delay in this case is significantly higher than the TDD NB-IoT mode can support.
It is important to develop an NB-IoT offering that can operate in unpaired spectrum for NTN, especially as the bandwidth required by NB-IoT is small, so it can make use of narrower bands which may not be usable for broadband networks. In many cases, the available spectrum may be a single (unpaired) band instead of a paired band, so standard FDD NB-IoT cannot be used. The ability to use such spectrum may justify the addition of functionality to NTN NB-IoT to support these types of bands on Satellite Access Nodes (SAN).  
We propose to include a study in the Release 19 work plan to determine the best approach to extend the current NB-IoT protocols to support operation in unpaired spectrum for NTN purposes.

2	Justification	
In a recent companion discussion document (RP-233293, “Addition of new MSS band for NTN NB-IoT”), we proposed adding support for a new E-UTRA NTN FDD band focused on Extended L-band for Cat NB1, NB2 and M1 covering the 1616-1626.5 MHz DL (space-to-Earth) range and 1616-1626.5 MHz UL (Earth-to-space) for all regions of the Earth.  Using that band to support NT NB-IoT will require extending the current NB-IoT protocols to support bands with unpaired spectrum, requiring much longer downlink, uplink and guard times than can be supported in the current TDD mode.
Benefits of this proposed change include:
· Near term deployment of NTN NB-IoT services with 100% global coverage 
· Lower cost/complexity of UE & satellites in future constellations to support NTN NB-IoT service
· Harvesting fallow spectrum to increase the available capacity for NTN NB-IoT services
· Lower cost of NTN NB-IoT services by reducing spectrum acquisition costs

3	Background
The current IoT procedures for FDD mode are well documented and proven in the field, with both FDD and TDD modes operational in terrestrial networks and FDD mode available for NTN.  FDD mode assumes concurrent operation of the UL and DL waveforms in the respective frequency bands and supports half-duplex operation of the UEs.  TDD assumes alternate operation of UL and DL, with turnaround times in microseconds to allow for propagation delays in terrestrial networks.
SAN implies propagation delays of approximately 2-10 ms depending on satellite orbital altitude and elevation angle, so it is not possible to fit uplink, downlink and guard times within the 10 ms frame structure. As such, a different approach must be taken to enabling operation in unpaired spectrum.  For NTN systems, any solution will likely require a half-duplex SAN approach to efficiently allocate uplink, downlink and guard times.

4	Objective
In the interest of enabling a robust ecosystem with as many carriers as possible using the 3GPP standards, it is asked that the Release 19 work plan include a study on how to extend the current NB-IoT specification to enable half-duplex SAN mode for NTN bands that use unpaired spectrum.
We propose the inclusion of a study in the Release 19 work plan to include:
Study and specify extensions to the NB-IoT specification to enable half-duplex SAN mode for NTN bands that use unpaired spectrum.

5	Discussion

The new mode is expected to be an optional mode so vendors are not forced to implement the new mode and the new mode is expected to be compliant with legacy UEs that will either not scan the band or see some access barring indication.
Iridium has engaged in a series of internal studies to determine if and how the current NBIOT FDD mode can be altered to support spectrum using unpaired spectrum.  We have found multiple routes to accomplish this and want to engage the 3GPP community to explore the best way to accomplish this. 

6	Conclusion
We propose the inclusion of a study in the Release 19 work plan to include:
Study and specify extensions to the current NB-IoT specification to enable half-duplex SAN mode for NTN bands that use unpaired spectrum.
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