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Introduction
In this document, we share our views on potential coverage issues and enhancements by considering the NTN characteristics including large propagation delay and satellite movement according to the WID on NR NTN enhancements [1].

Discussion
For general NR coverage enhancement, bottleneck channels with coverage issues, including PUCCH, PUSCH and PRACH, have been identified. Solutions for coverage enhancements of PUCCH and PUSCH have been specified in Rel-17, and PRACH coverage enhancement will be addressed in Rel-18. Similarly, some coverage issues and enhancements are also applicable to NR NTN. On the other hand, NTN characteristics including large propagation delay and satellite movement should be further considered for potential coverage issues and enhancements.
Discussions on potential bottleneck channels in NR NTN
Comparing to general NR coverage enhancement, NR NTN has large propagation delay and severe path loss due to the long distance between UE and satellites. For example, the altitude of Geostationary Earth Orbit (GEO) satellite is 35786 km and the altitude range of Low-Earth Orbit (LEO) satellite is 300 – 1500 km. If further considering commercial smartphones with more realistic assumptions on antenna gains, all the uplink channels, including PUCCH, PUSCH and PRACH, could be the bottleneck channels with coverage issues.
Observation 1:
With considerations on long NTN propagation distance and commercial smartphones with more realistic assumptions on antenna gains, uplink channels including PUCCH, PUSCH and PRACH could have coverage issues.
To address the coverage issues with NTN-specific characteristics, RAN1 should study potential solutions in addition to general NR coverage enhancement.
Proposal 1:
RAN1 should study potential solutions based on the evaluation of coverage issues specific to NR NTN.
Potential solutions for NTN-specific coverage enhancements
Considering the long NTN propagation distance and commercial smartphones with more realistic assumptions on antenna gains, the number of repetitions should by increased to enhance the uplink coverage.
Proposal 2:
Large numbers of repetitions should be supported for NTN-specific uplink coverage enhancements in Rel-18.
Due to the large propagation delay, the latency will be further increased if a large number of repetitions in time domain are applied. Another potential solution is to introduce repetitions in frequency domain so that the latency would not be increased too much. So, we propose the following:
Proposal 3:
Repetitions in both time domain and frequency domain should be supported for NTN-specific uplink coverage enhancements in Rel-18.
Satellite movement is another important NTN-specific characteristic to be considered. Repetitions could be impacted/interrupted due to satellite movement/switch. So, we propose the following:
Proposal 4:
Joint consideration of repetitions and satellite movement/switch should be studied for NTN-specific uplink coverage enhancements in Rel-18.

Conclusion
In this contribution, for the coverage enhancements of NR NTN, we propose the following.
Observation 1:
With considerations on long NTN propagation distance and commercial smartphones with more realistic assumptions on antenna gains, uplink channels including PUCCH, PUSCH and PRACH could have coverage issues.
Proposal 1:
RAN1 should study potential solutions based on the evaluation of coverage issues specific to NR NTN.
Proposal 2:
Large numbers of repetitions should be supported for NTN-specific uplink coverage enhancements in Rel-18.
Proposal 3:
Repetitions in both time domain and frequency domain should be supported for NTN-specific uplink coverage enhancements in Rel-18.
Proposal 4:
Joint consideration of repetitions and satellite movement/switch should be studied for NTN-specific uplink coverage enhancements in Rel-18.
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