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Introduction
Coverage enhancement is one objective of Rel-18 NTN enhancement as captured in WID [1]. In order to derive clear and limited scope of coverage enhancement, following study was agreed [1].Have a 1-TU 6-month study phase focusing on the following (to derive clear & limited scope):

· Evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN with following target services taking into account the studies in TR38.830 where appropriate, as well as general coverage enhancement techniques specified in Rel-18 [RAN1,RAN2,RAN4]
· VoIP and low-data rate services for commercial handset terminals

The following items are shown as examples of areas to consider in the next step of the study. The actual items for study will be based on the evaluation of coverage issues specific to NTN identified above.

· NTN-specific repetitions enhancements beyond techniques covered in Rel-17 CovEnh WI for the relevant channels
· NTN-specific techniques for improved diversity and/or reduced polarization loss
· Improved performance of low-rate codecs in link budget limited situation including reducing RAN protocol overhead for VoNR
· NOTE: Intent is not to introduce a new codec.

RAN to determine by RAN#97 (for RAN1 items) and RAN#98 (for RAN2 items) whether the study phase has identified any need for NTN-specific coverage enhancements in Rel-18. If needed, the set of NTN-specific work item objectives will be updated.


This contribution provides our views on NR-NTN coverage enhancement based on 6-month RAN1 study. 


Discussions
During the study phase in RAN1, it was intensively discussed on whether or not to enhance the NTN-specific coverage. To this end, several channel/signals were identified and investigated in order to find coverage bottlenecks in NR NTN. Based on the study, several observation and conclusions were made in RAN1#110 [2]. 

PUCCH
Regarding PUCCH, following observations and conclusions were made in RAN1#110.Observation
For PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS,
· Five sources observed that the existing specification can meet the performance requirement

Conclusion
RAN1 concluded that enhancement is unnecessary for PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement
· One source observed that the existing specification cannot meet the performance requirement with at least 0.6 dB gap

Conclusion
RAN1 concluded that enhancement is unnecessary for PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUCCH for Msg4 HARQ-ACK with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Three sources observed that the existing specification cannot meet the performance requirement with a gap of 1.8 to 6 dB.

Conclusion
RAN1 concluded that PUCCH for Msg4 HARQ-ACK should be enhanced to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.


According to above, only PUCCH for Msg3 HARQ-ACK needs to be enhanced to meet the coverage requirement, while other PUCCH formats do not necessarily need to be enhanced to meet the requirement. So, it is proposed to enhance the PUCCH for Msg3 HARQ-ACK as a scope of NTN-specific coverage enhancement. 

Proposal #1: Support to enhance the PUCCH for Msg3 HARQ-ACK as a scope of NTN-specific coverage enhancement in Rel-18 NR NTN. 

PUSCH
Regarding PUSCH, following observations and conclusions were made [2]. For PUSCH for low data rate and Msg3 PUSCH, it is concluded that enhancement is unnecessary. For PUSCH for VoIP, there are different views on the necessity of enhancement. This is mainly because of the different setting on satellite Rx antenna and DMRS bundling. With realistic 1 Rx antenna at satellite and without DMRS bundling, it is observed that enhancement is needed. In Rel-17 coverage enhancement, joint channel estimation with DMRS bundling was introduced for time duration that ensures coherent transmission characteristics. Therefore, some specification support that at least for enabling DMRS bundling seems to be needed for NR NTN. Observation
For PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS,
· Eight sources observed that the existing specification can meet the performance requirement

Conclusion
RAN1 concluded that enhancement is unnecessary for PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain. 

Observation
For PUSCH for VoIP with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement with a margin of 0 to 1.7 dB
· One company simulated by using 20 repetitions without DMRS bundling
· Four companies simulated by using 20 repetitions with DMRS bundling
· One company simulated by using 32 repetitions with DMRS bundling
· Note: this is the only result using frame combining by application layer
· Nine sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 8.6 dB
· Eight companies simulated by using 20 repetitions without DMRS bundling
· Seven companies simulated without frequency hopping
· One company simulated by using 16 repetitions with DMRS bundling
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.

Observation
RAN1 concluded that enhancement for PUSCH for VoIP may be needed to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, when DMRS bundling is not applied.

Observation
For Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS,
· Eight sources observed that the existing specification can meet the performance requirement
· One source observed that the existing specification cannot meet the performance requirement with a gap of 1.5 dB.

Conclusion
RAN1 concluded that enhancement is unnecessary for Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.



Proposal #2: Support to enhance the PUSCH for VoIP as a scope of NTN-specific coverage enhancement in Rel-18 NR NTN. 

PRACH
Regarding PRACH enhancement, following observations were made. Depending on the assumption of Rx antenna at satellite, observations were different. Especially for PRACH format 2, most of sources observed that current NR specification can meet the requirement, while two sources shown that current specification cannot meet the requirement. So, it was failed to reach a conclusion on PRACH enhancement in RAN1. Moreover, a scope of Further NR coverage enhancement Work Item clearly includes PRACH coverage enhancement [3]. Therefore, it is preferred whether/how to specify PRACH coverage enhancement for Rel-18 NTN can be discussed after there is some progress in Rel-18 Further NR coverage enhancements Work Item.Observation
For PRACH format 0 with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Eight sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 5.3 dB
For PRACH format 2 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification can meet the performance requirement
· Two sources observed that the existing specification cannot meet the performance requirement with a gap of 1.9 to 8.8 dB
For PRACH format B4 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification cannot meet the performance requirement with a gap of 1.2 to 11.9 dB
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.



Proposal #3: Whether/how to specify PRACH coverage enhancement for Rel-18 NTN coverage enhancement can be discussed after there is discussion progress in Rel-18 Further NR coverage enhancements Work Item.

Msg4 PDSCH and PDCCH
During the RAN1#110, RAN1 also discussed on the DL channels including Msg4 PDSCH and PDCCH. According to the simulation results provided by participated companies, different observations were made depending on the assumption for the satellite transmission power reduction. During the study, unfortunately, RAN1 does not have sufficient discussions on the issue of satellite power reduction due to ITU limitation of power flux density. As a result, it was failed to reach consensus on whether or not to enhance Msg4 PDSCH and PDCCH. Therefore, clear guidance on whether/how to introduce satellite power reduction should be provided.  

Proposal #4: Clear guidance on whether/how to introduce satellite power reduction should be provided to decide on the coverage enhancement for Msg4 PDSCH and PDCCH.


Conclusion
In this contribution, we discussed on coverage enhancements for NR NTN. Based on the above discussion, we have the following proposals. 
Proposal #1: Support to enhance the PUCCH for Msg3 HARQ-ACK as a scope of NTN-specific coverage enhancement in Rel-18 NR NTN. 
Proposal #2: Support to enhance the PUSCH for VoIP as a scope of NTN-specific coverage enhancement in Rel-18 NR NTN. 
Proposal #3: Whether/how to specify PRACH coverage enhancement for Rel-18 NTN coverage enhancement can be discussed after there is discussion progress in Rel-18 Further NR coverage enhancements Work Item.
Proposal #4: Clear guidance on whether/how to introduce satellite power reduction should be provided to decide on the coverage enhancement for Msg4 PDSCH and PDCCH.
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