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1	Introduction
[bookmark: _Hlk94878371]A work item for enhancements of NR NTN was approved at RAN#94-e. The latest WID [1] states that RAN should determine in this meeting the set of RAN1 related work item objectives for NTN coverage enhancement.
	[bookmark: _Hlk86407239]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.


In this contribution, we provide our views on the detailed objectives of NR NTN coverage enhancement expected to be captured in the WID according to the observations and conclusions made in RAN1 #110 meeting.
[bookmark: _Ref178064866]2	Discussion
In RAN1 #110 meeting, no conclusion has been made on whether any coverage enhancement is needed for downlink channels since different companies have different understandings on whether any power reduction from satellites is needed to solve the PFD issue. However, it’s common understanding that no enhancement for downlnk is needed at least for the case when there is no power reduction at satellite side.
[bookmark: _Toc113300163]No enhancement for downlink is needed when power reduction is not required for satellites.
How to resolve the PFD issue should be concluded in this meeting so that whether any downlink coverage enhancement is needed can be concluded in time from RAN1 perspective.
[bookmark: _Toc113300177]RAN should conclude in this meeting whether/how to solve the PFD issue and determine whether any downlink coverage enhancement is needed in NTN.
As for uplink channels, following agreements/conclusions/observations have been made.
	Conclusion
For Rel-18 coverage enhancement in NTN, NLOS environment is deprioritized.
Agreement
For NR-NTN coverage enhancement, RAN1 concludes that coverage enhancements specifically for GEO and MEO are de-prioritized in Rel-18.
· Potential enhancements for LEO can also apply to GEO and MEO
Agreement
For NR-NTN coverage enhancement in Rel-18, link budget of parameter set-1 for LEO-1200 operating at LOS is considered as the target to evaluate whether each channel/signal with the existing specification needs to be enhanced or not. The targeted performances are used to evaluate the following services:
· VoIP using AMR 4.75 kbps. 
· Low data rate of 3 kbps. 
· Potential enhancements for deployments with parameter set-1 can also apply for deployments for parameter set-2
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.
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 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.
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.



From above agreements, conclusions and observations, it can be observed that potential enhancements for some of the uplink channels are needed. For PUSCH, joint channel estimation (JCE) specified in NR Rel-17 is needed so that the studied 4.75kbps VoNR service on PUSCH for LEO-1200 satellites with set-2 parameters can be supported. However, to support JCE of PUSCH in NTN, RAN1 should discuss whether any NTN specific updates are needed. For PRACH, it can be up to Rel-18 coverage enhancement work item to discuss how to support PRACH repetition which can be reused in NTN. For PUCCH, no enhancement is needed for normal dedicated PUCCH transmission, however, the enhancement of PUCCH for Msg4 HARQ feedback is needed.
[bookmark: _Toc113300164]With JCE of PUSCH, 4.75kbps VoNR in uplink can be supported even for set-2 LEO satellites.
[bookmark: _Toc113300165]PRACH repetition can be supported for NTN, which can be up to the discussions in Rel-18 coverage enhancement work item.
[bookmark: _Toc113300166]No enhancement is needed for dedicated PUCCH transmission. The enhancement of PUCCH for Msg4 HARQ feedback is needed.
According to the observations, it can be concluded that some NTN specific issues if justified can be studied to support JCE and PRACH repetition. Furthermore, PUCCH repetition for Msg4 HARQ feedback can be supported and specified, and this can be extended to any PUCCH transmissions when common PUCCH resource are used. Thereby section 4.1.1 of the WID can be updated as illustrated in table 1.
Table 1. Text proposal to section 4.1.1 of NTN WID[1]
	4.1.1	Coverage enhancement
The Rel-18 NTN objectives are focused on the applicability of the solutions developed by general NR coverage enhancement to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Only NTN-specific characteristics are to be included in this coverage enhancement work, otherwise it should be part of another WI (e.g., UL enhancement of coverage). The work needs to cover the use case of voice and low-data rate services using commercial smartphones with more realistic assumptions on antenna gains instead of 0dBi currently assumed for link budget analysis for non-terrestrial networks. The specific realistic antenna gain assumption will be determined at the working group level. The evaluation should also take into account any related regulatory
requirements, e.g., ITU limitation of power flux density.

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

[bookmark: _Hlk90207880]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.

[bookmark: _GoBack]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.
The detailed objectives of coverage enhancement in this work item are as follows:
· Specify following enhancement of PUCCH transmissions on common PUCCH resource
· Repetition of PUCCH for msg4 HARQ-ACK feedback [RAN1, RAN2]
· Specify NTN specific changes if justified for supporting following features in NTN
· JCE of PUSCH transmissions in RRC connected state [RAN1]
· PRACH repetition for which the NTN specific changes if needed should be based on the PRACH repetition mechnism specified in Rel-18 coverage enhancement work item. [RAN1, RAN2]
Note: RAN should determine by RAN#98 whether the study phase has identified any other RAN2 items need for NTN-specific coverage enhancements in Rel-18. If needed, the set of NTN-specific work item objectives will be updated.


According to above, we have following proposal
[bookmark: _Toc113300178]For NR NTN uplink coverage enhancement in Rel-18, specify PUCCH repetition on common PUCCH resources, study and specify any NTN specific enhancements if justified for supporting JCE of dedicated PUSCH and PRACH repetition, and revise the WID as proposed in table 1.
3 Conclusion
In the previous sections we made the following observation: 
Observation 1	No enhancement for downlink is needed when power reduction is not required for satellites.
Observation 2	With JCE of PUSCH, 4.75kbps VoNR in uplink can be supported even for set-2 LEO satellites.
Observation 3	PRACH repetition can be supported for NTN, which can be up to the discussions in Rel-18 coverage enhancement work item.
Observation 4	No enhancement is needed for dedicated PUCCH transmission. The enhancement of PUCCH for Msg4 HARQ feedback is needed.
Based on the observations and discussions, we propose the following:
Proposal 1	RAN should conclude in this meeting whether/how to solve the PFD issue and determine whether any downlink coverage enhancement is needed in NTN.
Proposal 2	For NR NTN uplink coverage enhancement in Rel-18, specify PUCCH repetition on common PUCCH resources, study and specify any NTN specific enhancements if justified for supporting JCE of dedicated PUSCH and PRACH repetition, and revise the WID as proposed in table 1.
[bookmark: _In-sequence_SDU_delivery]
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