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Introduction
At the RAN#86 meeting, a new Study Item was approved for IoT Non Terrestrial Network (NTN) and revised in RAN#91 [1]. There was an email discussion on [91E][42][NTN_IoT_Roadmap] In RAN#91 with moderator summary and final proposal for GTW input in [2]. 
In RAN#91-e GTW session, the Chairman endorsed a Way Forward Proposal in [3] on email discussion on [50][New_proposals_approval]. This included guidance from RAN Chairman for NTN NR and NTN IoT as follows
· RAN#92E (June) to finalize the scope and project plan to deliver the essential minimum functionality of both NTN NR and NTN IoT (both NB-IoT and eMTC) within the existing TU allocations
· Detailed scoping exercise (NTN NR WID revision, NTN IoT WID approval) to be undertaken at RAN#92E (June)
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GNSS Position fix:
In Typical IoT applications with intermittent delay-tolerant small packets, the UE position may be fixed (e.g. IoT sensor on a gas pipeline) or the UE position needs to be reported by application layer (e.g. asset tracking, vehicle tracking). 
Observation 1:  A UE may only need a new GNSS position solely for UE pre-compensation for UL synchronization in corner case scenarios where (i) it is not fixed; (ii) reporting of the GNSS position is not needed by application layer.
NTN IoT Coverage:
It is necessary to operate at a reasonable C/N DL and UL to ensure a reasonable spectral efficiency and some operation C/N margin to avoid coverage issue.
Observation 2: The satellite system design should fix key parameters such as EIRP and G/T in the satellite to ensure the link budget can be closed on DL and UL.
 
IoT NTN Deployment modes 
This section addresses Section 3.3.1 IoT NTN Deployment modes in FL summary in [4].  In RAN1#104bis-e, the following First round proposal was made:
NB-IoT over NTN, support only the following deployment modes
· Standalone
· “guard- band of NR-NTN”,
· NOTE: a guard band deployment may have a different raster offset than a standalone deployment. The details are recommended to be worked out in the WI phase.
For eMTC over NTN, support at least the following deployment modes
· Standalone
· Dynamic spectrum sharing with NR-NTN
In RAN1#104bis-e, the following FL recommendation was made:
Moderator encourage companies to contribute to discuss NB-IoT NTN and eMTC-NTN deployment modes in next RAN1 meeting.

Co-existence between cellular NR and IoT NTN:
Coexistence between NR NTN and cellular NTN is an on-going Rel-17 RAN4 study. It is a complicated issue. It is beyond the scope of Rel-17 IoT NTN study and would require discussions at RAN and RAN4 levels. It is likely that the large Doppler shift and propagation delay in NTN may be challenging for effective frequency sharing between IoT over NTN and terrestrial NR.

Co-existence between NR NTN  and IoT NTN:
It can be assumed that baseline functions work without enhancement unless certain issue is found, that will require essential enhancements in Rel-17 IoT NTN study. Any deployment option is possible. It is then a working item scoping how to better support certain deployment options. 
In Rel-16 NB-IoT WI, Coexistence of NB-IoT with NR feature allows the configuration of the DL/UL resource reservation in subframe/slot/symbol-levels on non-anchor carriers for unicast transmission to avoid resource overlapping with NR channels/signals. The configuration can be for 10ms or 40ms duration, with a periodicity from {10ms, 20ms, 40ms, 80ms, 160ms} and a start position in a granularity of 10ms, which is independent from legacy configurations. It also allows dynamic indication whether the resource reservation is applied or not [RP-201229]. 

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.
RAN1 has concluded that terrestrial NB-IoT can co-exist with terrestrial  NR. Release 16 TR 37.824 describes Coexistence between NB-IoT and NR (Sections 5.2.1.6 “NR 100 kHz channel raster” and 5.2.1.7 “NR SCS based channel raster” defines values of MDL to maintain orthogonality). 
TR 37.824 concluded that:
MSR BS supporting NR and LTE+NB-IoT (LTE in-band/guard band) could also meet current RF requirements when operating NR+(LTE)+NB-IoT (NR in-band) with following limitations:
· Same NR channel bandwidth as LTE
· NR uses 15 kHz SCS
· NB-IoT carrier frequency kept when operating with LTE and NR, or shifted closer to NR carrier.
Therefore, MSR BS could operate NB-IoT in NR in-band with above limitations and no need to redo conformance testing in this case.
To remove any limitation, specification update is needed to add support for NB-IoT operating in NR in-band in TS 38.104, TS 38.141-1, TS 37.104 and TS 37.141 in Rel-16 the latest. 

To our understanding the solutions in the TR 37.824 go beyond the scope of specifications in Rel-16 NB-IoT WI in a terrestrial NR and IoT co-existence deployment. Since co-existence between NTN RN and NTN IoT has not been  studied, it is not clear if this could work without proper study to identify issues that may require enhancements for a workable inband deployment.  

Observation 3: Co-existence between NTN RN and NTN IoT is beyond the scope of Rel-17 IoT NTN study and whether a normative phase would include such study would require discussions at RAN and RAN4 levels.

Prioritization of IoT NTN deployment:
Rel-17 IoT NTN normative phase should aim to support a minimum working solutions for the simplest and most likely deployment in 2021-2022. It is believed that the satellite ecosystem will have preference for low-cost smaller satellites consistent with standalone IoT NTN deployment. The support of in-band deployment mode can wait for Rel-18 or beyond.

Guard band deployment:
The amount of spectrum in guardband is limited and not likely to be sufficient for satellite deployment of IoT NTN. This scenario can be de-prioritized. TR 37.824 concluded that NB-IoT operating in NR guard band would be handled as implementation issue and RF requirements will not be specified in Rel-15 (nor in Rel-16 unless new Rel-16 features make this essential).

Based on the analysis above, we make the following proposal:
Proposal 1: NTN IoT inband deployment and guard band deployment are de-prioritized in Rel-17 IoT NTN normative phase.
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Conclusion
In this contribution, we summarize observations for the IoT NTN scenarios and made the following proposal:
IoT NTN Scenarios:
Observation 1:  A UE may only need a new GNSS position solely for UE pre-compensation for UL synchronization in corner case scenarios where (i) it is not fixed; (ii) reporting of the GNSS position is not needed by application layer.
Observation 2: The satellite system design should fix key parameters such as EIRP and G/T in the satellite to ensure the link budget can be closed on DL and UL.

IoT NTN Deployment modes:
Observation 3: Co-existence between NTN RN and NTN IoT is beyond the scope of Rel-17 IoT NTN study and whether a normative phase would include such study would require discussions at RAN and RAN4 levels.
Proposal 1: NTN IoT inband deployment and guard band deployment are de-prioritized in Rel-17 IoT NTN normative phase.
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