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[bookmark: _Ref2933478]Introduction
One of RAN Rel-18 NR work items is NR NTN, whose work item descriptions are in [1]. In this work item, there is one RAN1-led objective: coverage enhancement.

In this contribution, we present our views on NR NTN coverage enhancement.
Discussion 
It is mentioned in Rel-18 NR NTN WID [1] that the objective of coverage enhancement focuses on the applicability of the solutions developed by general NR coverage enhancement to NTN and identifying potential issues and enhancements. This objective includes a 6-month study phase to evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN. 
In the past two RAN1 meetings (i.e., RAN1 #109-e and RAN1 #110), the evaluation of the coverage performance has been conducted.  According to the timeline of 6-month study phase, it is the time for RAN plenary to decide on which physical channel(s) for NR NTN are to be enhanced for coverage.
Several observations and conclusions were made in RAN1 #110 meeting [2]. Besides some high-level prioritization agreements and conclusions, the observations for uplink physical channels were agreed in RAN1. These uplink channels include PUCCH format 1, PUCCH format 3, PUCCH for Msg4 HARQ-ACK, PUSCH for 3 kbps, PRACH formats 0/2/B4, PUSCH for VoIP, and PUSCH for Msg3. Subsequently, some conclusions are achieved based on these observations. 
On the other hand, there is no RAN1 observation and conclusion made for downlink physical channels at all [2]. It should be mentioned that according to WID [1], the evaluation of the candidate physical channels is not restricted to uplink physical channels only. Furthermore, according to RAN1 agreements in RAN1 #109-e meeting, for NR NTN coverage enhancement, not only uplink channels/signals are to be evaluated, but also downlink channels/signals (e.g., SSB, PDSCH for VoIP, PDSCH for low date rate service, PDSCH for Msg2, PDSCH for Msg4, PDCCH and broadcast PDCCH) are to be evaluated. In RAN1 #110 meeting, multiple companies provided the evaluation results on downlink physical channels. However, probably due to time limitation, the observations and conclusions on downlink physical channels have not been reached in RAN1. 
Observation 1: The existing RAN1 observations and conclusions are only for uplink physical channels. No observations and conclusions have yet been achieved for downlink physical channels.
In our view, without any observations and conclusions on downlink physical channels, the study phase is not complete yet. To address this issue, two options can be considered. The first option is that RAN1 continues to discuss the coverage evaluation for NR NTN in the next RAN1 meeting (i.e., RAN1 #110b-e meeting). This option will lead to 3-month delay in the progress since the conclusion of which physical layer channels to be enhanced for coverage could be only made in RAN #98-e meeting. The resulting time for work phase is subsequently reduced by 3 months. 
The second option is that the observations and conclusions for downlink physical channels are made in RAN #97-e meeting. The observations and conclusions could be based on companies’ contributions in RAN1 #110 meeting. Note that in RAN1 #110 meeting, several companies already provided link budget analysis and simulation results for downlink physical channels. 
We prefer the second option for the sake of progress. It should be mentioned that without the observations and conclusions on the downlink physical channels, it is pre-mature to decide which physical channels to enhance for coverage for Rel-18 NR NTN. 
Proposal 1: RAN plenary meeting to make observations and conclusions on the coverage evaluation for NR NTN downlink physical channels before finalizing the physical channels to enhance coverage. 
· The observations and conclusions are based on companies’ contributions to RAN1 #110 meeting. 
Based on companies’ contributions in RAN1 #110 meeting as well as feature lead summary [3], we observe when there is no satellite transmission power reduction, existing specification for all downlink channels and signals can meet the performance requirement, with satellite parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain. The margin of each downlink physical channel without satellite transmission power reduction is listed in Table 1. 
[bookmark: _Ref112769645]Table 1: Downlink physical channel margin in NTN without satellite transmission power reduction [3]
	Downlink channels
	Margin when satellite transmission power reduction is not applied (dB)

	PDSCH for VoIP
	-6.6 to -16.0 

	PDSCH for 3kbps
	-8.8 to -13.7

	Msg 2 PDSCH 
	-7.2 to -10.8

	Msg 4 PDSCH
	-3.8 to -6.7

	PDCCH 
	-5.9 to -10.2

	PDCCH of Msg 2
	-6.2

	SSB
	-8.5 to -12.8



On the other hand, the scenario may occur, where satellite transmission power is reduced from the one in satellite parameter set-1. One possible reason for satellite transmission power reduction is for the coexistence with terrestrial network. Another possible reason for satellite transmission power reduction is for the scenario of multiple beams per cell. A satellite needs to split its total transmission power to multiple beams, and hence each beam has limited transmission power. 

In case satellite has transmission power reduction, downlink channels may have coverage issue. Depending on the amount of satellite transmission power reduction, it is observed by multiple companies that one or more downlink channels and signals cannot meet the performance requirement with parameter set 1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain. 
Observation 2: Based on RAN1 #110 meeting contributions, 
· when there is no satellite transmission power reduction, existing specification for all downlink channels and signals with parameter set 1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, can meet the performance requirement. 
· when there is satellite transmission power reduction, one or more downlink channels and signals (e.g., Msg4 PDSCH, PDCCH) with parameter set 1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, cannot meet the performance requirement, depending on the amount of satellite transmission power reduction. 
According to Table 1, the downlink channels PDSCH for Msg4 and PDCCH have less margin than the other downlink physical channels. Additionally, PDSCH for Msg2 is among the downlink channels with small margin. With the consideration of satellite transmission power reduction, at least the downlink channels related to initial access need to be enhanced for coverage. Hence, we have the following proposal. 

Proposal 2: In release 18 NR NTN coverage enhancement, at least PDCCH and PDSCH for Msg2/Msg4 are to be enhanced for coverage.
It was concluded in RAN1 [2] that PUCCH for Msg4 HARQ-ACK should be enhanced to meet the coverage requirements for satellite parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain. Hence, we have the following proposal. 
Proposal 3: In release 18 NR NTN coverage enhancement, PUCCH for Msg4 HARQ-ACK is to be enhanced for coverage.
It was observed by majority companies [3] that PRACH format 2 can meet the performance requirement, while PRACH format 0 and format B4 cannot meet the performance requirement with satellite parameter set-1 for LEO-1200 operating at LOS. 
In case PRACH is to be enhanced for coverage, coordination between the coverage enhancement agenda item [4] and NTN agenda item is needed.
Proposal 4: In case PRACH is to be enhanced for coverage, coordination between the coverage enhancement agenda item and NTN agenda item is needed.
It was observed in RAN1 [2] that the enhancement for PUSCH for VoIP may be needed to meet the coverage requirements for satellite parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, when DMRS bundling is not applied. 

When DMRS bundling is applied, it was observed by several companies that PUSCH for VoIP can meet the performance requirement. Furthermore, frequency hopping may help PUSCH for VoIP to reach the performance requirement. 

Considering companies’ observation on whether PUSCH for VoIP can meet the performance requirement are divergent, and more channels related to initial access (i.e., PUCCH for Msg 4 HARQ-ACK, PDCCH and PDSCH for Msg4) need to be enhanced for coverage, we think the priority of enhancing the coverage of PUSCH for VoIP is low. Specifically, PUSCH for VoIP is enhanced if scope allows.

Proposal 5: In release 18 NR NTN coverage enhancement, PUSCH for VoIP is enhanced for coverage if scope allows. 
It was agreed [2] that RAN1 concludes the coverage enhancements specifically for GEO and MEO are deprioritized in release 18 NR NTN coverage enhancement. This is because more physical channels need to be enhanced for coverage to support GEO or MEO operations for NTN, comparing with LEO operations for NTN. It is hard to enhance all these physical channels in one release due to time limitation. But this does not indicate the coverage enhancement in release 18 NR NTN is not applicable to GEO or MEO scenarios. 
Observation 3: The coverage enhancement in release 18 NR NTN applies to LEO, MEO and GEO scenarios.    
Conclusion
Based on the discussion above, we have the following observations and proposals.
Observation 1: The existing RAN1 observations and conclusions are only for uplink physical channels. No observations and conclusions have yet been achieved for downlink physical channels.
Proposal 1: RAN plenary meeting to make observations and conclusions on the coverage evaluation for NR NTN downlink physical channels before finalizing the physical channels to enhance coverage. 
· The observations and conclusions are based on companies’ contributions to RAN1 #110 meeting. 
Observation 2: Based on RAN1 #110 meeting contributions, 
· when there is no satellite transmission power reduction, existing specification for all downlink channels and signals with parameter set 1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, can meet the performance requirement. 
· when there is satellite transmission power reduction, one or more downlink channels and signals (e.g., PDSCH for Msg4, PDCCH) with parameter set 1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, cannot meet the performance requirement, depending on the amount of satellite transmission power reduction. 
Proposal 2: In release 18 NR NTN coverage enhancement, at least PDCCH and PDSCH for Msg2/Msg4 are to be enhanced for coverage.
Proposal 3: In release 18 NR NTN coverage enhancement, PUCCH for Msg4 HARQ-ACK is to be enhanced for coverage.
Proposal 4: In case PRACH is to be enhanced for coverage, coordination between the coverage enhancement agenda item and NTN agenda item is needed.
Proposal 5: In release 18 NR NTN coverage enhancement, PUSCH for VoIP is enhanced for coverage if scope allows. 
Observation 3: The coverage enhancement in release 18 NR NTN applies to LEO, MEO and GEO scenarios.  
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