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1. Introduction
With increasing market demand, non-terrestrial networks (NTN) have attracted more attention in the 5G standardization activities as can be seen with the ongoing SID for NTN. Compared to the legacy terrestrial network, the following differences can be identified for satellite communications:
· Extensive coverage with much more UEs
· Large propagation delays 
More specifically, the diameter of one NTN cell constructed by the foot-print of one beam will be up to 400km.  For the case of geostationary satellites, depending on the location of the earth terminals, the end to end delay can range roughly from 240 ms to 270 ms. Low Earth Orbit (LEO) satellites enjoy considerably lower round trip propagation delays, nonetheless they are still greater than the typical terrestrial network delay. Satellite internet applications are sensitive to latency, therefore in a demand-assigned TDMA system with large delay and massive connection, typically a holdover time is used, during which the system continues to assign a small amount of bandwidth beyond the requested bandwidth in anticipation of traffic. But as a result, the efficiency of the transmission is significantly reduced, since most of the assigned bandwidth will not be used.  NOMA technologies currently being discussed in RAN1 can eliminate this inefficiency. Furthermore, due to the very rapid changes in the round-trip propagation delays of the LEO satellites, the asynchronous access capability of some of the NOMA technologies can be extremely important for LEO satellite networks.  

In addition to satellite internet applications, some other satellite applications require very low battery power such as asset tracking, data reporting, etc.  For achieving the demand on these cases, transmission with NOMA techniques from the UE in RRC-inactive/idle is preferred.

Based on the analysis above, it is clear that in both cases effective random access techniques that let the user terminals transmit with no network coordination or scheduling are crucial. NOMA (especially grant-free NOMA) under study within RAN1 can be a powerful tool to meet the aforementioned demands of non-terrestrial communications.
2. Satellite Internet Applications
An earlier version of ACMA [1] NOMA technique, has already been implemented in the commercial products, e.g., very-small aperture terminal (VSAT). In one particular application, return link bursts from user terminals are sent directly in ACMA channels without the channel request and grant process. This becomes particularly advantageous for secure web browsing since classical web access acceleration techniques such as prefetching does not apply when the traffic is encrypted. Even though the user terminals’ bursts were transmitted synchronously in this early version, system level testing demonstrated that a 25% improvement has been achieved in average time needed to load a web page. It is worth noting that this latency reduction is obtained against a baseline system that has already other latency reduction techniques such as reserving some holdover capacity for additional request after initial access. The latency reduction would be even greater if these techniques were not employed.
Observation 1: NOMA techniques enabling the grant-free transmission can reduce the latency in NTN application. 
3. Low Data Rate and Duty Factor Autonomous Terminal Access via Satellites
In addition to latency reduction in satellite internet applications, NOMA technologies can also play a significant role in in supporting low data rate, low duty factor autonomous terminals. Typically, such terminals require low power, long battery-life, and transmit occasionally as triggered by external events, or periodic status reporting. The applications include: 
a) Utilizing meter readings for electricity, oil, gas, and chemical storage tanks; 
b) Reporting of flow, temperature, pressure, leakage, corrosion, for oil and gas pipelines;
c) Monitoring and control of remote voltage regulators, capacitors, valves, compressors, and substations for chemical plants; 
d) Tracking of vehicles, trucks, trailers, containers, cargos, barges, ships, trains, hazardous materials,
e) Monitoring of the operating data or alarms of vehicles, tanker fleets, trailers, barges, and ships etc.; 
f) Monitoring of meteorological and environmental data and readings of rain gauge, lightening and fire detectors, avalanche monitors, buoys, balloons, iceberg movements etc.
The key characteristics of these types of services are typically: small amounts of data (on the order of a few hundred bytes each time), low duty factor (a few times monthly, weekly, daily, timer or event driven), and geographically dispersed using unattended and battery operated terminals. It is important to minimize the cost and to maximize battery life of these terminals in order to make these services economically viable. These applications were traditionally addressed by Supervisory Control and Data Acquisition (SCADA) over satellites. Whereas some applications do require supervisory control, such as those in item (c) above, the forward link reception capability can be eliminated for terminals that only collects data and report back with NOMA autonomously, which can be a significant cost and energy saving.
Observation 2: NOMA techniques enabling the grant-free transmission can reduce battery power consumption in NTN application. 
4. Conclusion
For satellite communications, which require massive connectivity and suffer from large propagation delay, following benefits can be achieved with the introduction of NOMA technologies:
Observation 1: NOMA techniques enabling the grant-free transmission can reduce the latency in NTN application. 
Observation 2: NOMA techniques enabling the grant-free transmission can reduce power consumption in NTN application. 
Then, the following proposal is highlighted:
Proposal 1: Transmission with NOMA techniques in grant-free mode should supported. 
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