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1	Introduction
In this contribution, we discuss and share our views on further enhancements to IoT NTN in Release 19.
Discussions on Rel-19 NTN have been ongoing for the past few weeks, with a somewhat broad and open-ended scope. We believe that a good part of upcoming RAN discussions will need to be devoted to clarifying, focusing and proper scoping of NTN proposals. This is our contribution to such discussions.
[bookmark: _Ref178064866]2	Discussion
2.1	Store & Forward
Store & Forward operation allows for delay-tolerant, non-real-time IoT services to be offered in areas visited by the satellites, but without NTN gateway infrastructure, e.g., mid-sea or remote areas. SA2 has agreed on a Rel-19 SI (Study on Integration of satellite components in the 5G architecture Phase III [5]) that includes studying S&F operation. It should be ensured that work in RAN is aligned with SA2 assumptions.
[bookmark: _Toc152613479]Ensure that work on S&F is aligned in RAN and SA2.
2.2	UL Capacity Enhancements
As part of the Rel-19 “Uplink Capacity Enhancements,” the use of “Orthogonal Cover Codes (OCC)” has been considered as a candidate technique to increase the uplink capacity for IoT-NTN.
The current description of this potential enhancement states “Specify enhancements to enable multiplexing of multiple UEs (e.g., up to 4) in a single 3.75kHz or 15 kHz subcarrier via orthogonal cover codes for NPUSCH and NPRACH”.
One important aspect to highlight is that for 3.75 kHz subcarrier spacing (SCS), the legacy specification already today offers the possibility of multiplexing a non-negligible number of users. For example, if NPRACH and NPUSCH Format 1 with 3.75kHz subcarrier spacing were to co-exist, it would be possible to have NPRACH on 45 kHz and NPUSCH on 135 kHz to have up to 36 single-tone users simultaneously. This is illustrated in Figure 1.
[image: ]
Figure 1: Number of simultaneous NPUSCH users, when NPRACH and NPUSCH Format 1 with 3.75kHz SCS co-exist on 180 kHz.
Moreover, if NPRACH and NPUSCH were not simultaneously transmitted, then there will be room for 12 extra NPUSCH Format 1 UEs. Thus, up to 48 single-tone users could be simultaneously transmitting on 180 kHz using legacy.
[bookmark: _Toc152613483]Legacy specification already today offers the possibility of multiplexing a non-negligible number of users (e.g., up to 36 simultaneous UEs when NPRACH and NPUSCH co-exist, and up to 48 simultaneous UEs when NPUSCH solely uses the transmission bandwidth).
To increase NPUSCH Format 1 with 3.75 kHz SCS by 2x or 4x, at least the following aspects are unknown/uncertain:
· The larger the number of simultaneous users, the larger is the complexity at the eNodeB scheduler.
· NPDCCH may end-up becoming a bottleneck.
· An NPUSCH Format 1 single-tone transmission with 3.75 kHz SCS does not seem to be that efficient from a time-domain resource utilization perspective (i.e., the RU is 32ms), which impacts the UE battery consumption.
· Impact on data rates (i.e. lower data rates).
· Gains of an NPUSCH Format 1 single-tone transmission with 3.75 kHz SCS versus NPUSCH Format 1 transmissions using 15 kHz SCS.

[bookmark: _Toc152613484]Increasing NPUSCH Format 1 with 3.75 kHz SCS by 2x or 4x involves a number of aspects with unknown or uncertain impact.
[bookmark: _Toc152613480]“UL capacity enhancements for IoT-NTN with 3.75 kHz SCS” is not supported in Release 19.
2.3 	Mobility Enhancements
One of the main guiding principles of IoT technologies (in particular NB-IoT) has always been to keep things simple, and to introduce only the minimum required functionality. This has been of the key factors to the success of the IoT ecosystem. For example, NB-IoT is targeted towards massive IoT applications with data rates in kbps-range, which is typical for sensors, actuators, or similar devices. Low cost is critical for such devices. Thus, NB-IoT lacks several features which are otherwise natural components of mobile networks, e.g., neighbour cell measurements, handovers, or support for voice or video transmissions. On the other hand, all these features are natively support by LTE-M. In our view, further standardization should enhance the strengths of the individual radio technologies, and not diminish the key differentiators between them. Mobility enhancements are not expected to be critical for NB-IoT, and for that reason we are not supportive of introducing more advanced mobility features for NB-IoT. 
[bookmark: _Toc152605002][bookmark: _Toc152613481]Mobility enhancements are not part of a Rel-19 IoT NTN WI. If any, they should be limited to LTE-M.
2.4 	High-power UE
[bookmark: _Hlk152518818]Overall, this objective would benefit from close alignment with the corresponding objective in the NR NTN WI. As in NR NTN, thorough coexistence studies are needed before introducing high-power UEs. However, the impact of higher transmit power in IoT NTN is expected to be different from NR NTN, because of the narrower bandwidths in NB-IoT and LTE-M. Therefore, the output power of newly introduced IoT NTN UEs should not exceed that of the corresponding TN UEs, which is 26 dBm for Cat-M and 23 dBm for NB-IoT.
[bookmark: _Toc152613482]Introduce UEs with higher power classes for IoT NTN to match the power classes of TN UEs. 
[bookmark: _Toc144743838]Conclusion
In the previous sections we made the following observations: 
Observation 1	Legacy specification already today offers the possibility of multiplexing a non-negligible number of users (e.g., up to 36 simultaneous UEs when NPRACH and NPUSCH co-exist, and up to 48 simultaneous UEs when NPUSCH solely uses the transmission bandwidth).
Observation 2	Increasing NPUSCH Format 1 with 3.75 kHz SCS by 2x or 4x involves a number of aspects with unknown or uncertain impact.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Ensure that work on S&F is aligned in RAN and SA2.
Proposal 2	“UL capacity enhancements for IoT-NTN with 3.75 kHz SCS” is not supported in Release 19.
Proposal 3	Mobility enhancements are not part of a Rel-19 IoT NTN WI. If any, they should be limited to LTE-M.
Proposal 4	Introduce UEs with higher power classes for IoT NTN to match the power classes of TN UEs.
[bookmark: _In-sequence_SDU_delivery]
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