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1 Introduction
For the Rel-18 work item on NTN enhancements (see [1]), one objective is to identify potential needs for coverage enhancements for NR NTN. Part of this objective is to conduct a six-month study phase to identify candidate physical radio channels that have coverage issues specific to NTN. According to the WID, RAN is to determine by RAN#97 for RAN1 items whether the study phase has identified any needs for NTN-specific coverage enhancements in Rel-18. If needed, the set of NTN-specific work item objectives will be updated.
RAN1 has performed extensive work on evaluation of coverage performance for a number of uplink and downlink channels and signals. The study was concluded at RAN1#110 [3].
In this contribution, we discuss the outcome of the RAN1 study and propose corresponding updates to the WID. 
2 [bookmark: _Ref178064866]Discussion
RAN1 has evaluated the coverage performance and need for coverage enhancement of several channels and signals under agreed evaluation assumptions. These are summarized in Table 1.
[bookmark: _Ref113265617]Table 1: Evaluated channels/signals and RAN1 conclusions
	Direction
	Channel
	Content
	RAN1 conclusion on need for enhancement

	UL
	PUSCH
	VoIP (AMR 4.75)
	Maybe, if no DMRS bundling

	
	
	Low data rate service
	No

	
	
	Msg.3
	No

	
	PUCCH
	Format 1 with 2 bits
	No

	
	
	Format 3 with 11 bits
	No

	
	
	Msg.4 HARQ-ACK
	Yes

	
	PRACH
	Format 0
	No conclusion

	
	
	Format 2
	No conclusion

	
	
	Format B4
	No conclusion

	DL
	SSB
	
	No conclusion

	
	PDSCH
	VoIP (AMR 4.75)
	No conclusion

	
	
	Low data rate service
	No conclusion

	
	
	Msg.2
	No conclusion

	
	
	Msg.4
	No conclusion

	
	PDCCH
	Dedicated
	No conclusion

	
	
	Broadcast (PDCCH of Msg.2)
	No conclusion




2.1 PUCCH for Msg.4 HARQ-ACK
From the evaluation conducted, RAN1 observed that the performance of PUCCH for Msg4 HARQ-ACK does not meet the coverage performance requirements. RAN1 drew the following conclusion:
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.
The main reason why PUCCH performance is insufficient in this specific case is that PUCCH repetitions are not supported for Msg.4 HARQ-ACK in the current specification. Therefore, we propose the following:
[bookmark: _Toc113303502]RAN to add an objective in the NTN enhancements WID to specify support for repetitions for PUCCH for Msg.4 HARQ-ACK.
2.2 PUSCH for VoIP
From the evaluation, RAN1 observed that PUSCH performance is sufficient to support a VoIP service (AMR 4.75) if the Rel-17 feature DMRS bundling is used, while PUSCH performance is insufficient without DMRS bundling. RAN1 made the following observation:
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.
In the context of NTN, DMRS bundling is challenging at least for the following reasons:
1 High Doppler shift due to satellite movement will impact the coherency of received DMRS bundled slots.
2 Un-coordinated updates of time/frequency pre-compensation by the UE will impact the coherency of DMRS bundled slots.

Obstacle 1 above may be possible to solve by gNB implementation while obstacle 2 will require specification updates, e.g., restrictions to when the UE can update its time/frequency pre-compensation (similar to the so-called segmented UL transmission for IoT NTN UEs). We therefore propose the following:
[bookmark: _Toc113303503]RAN to add an objective in the NTN enhancements WID to study if specification impact is needed to enable DMRS bundling for PUSCH, and if so, to specify the needed support.
2.3 PRACH
RAN1 observed that PRACH format 2 gives sufficient coverage performance while other evaluated formats (format 1, format B4) do not. RAN1 could not agree on any conclusion on the need for enhancements.
However, it is clear that for at least one PRACH format, performance is sufficient. Therefore, enhancements for other PRACH formats should not be prioritized.
It can be noted that the evaluation was performed with a requirement of 1% missed detection rate for PRACH, which may be necessary when the load on the PRACH resource is very high. A more reasonable missed detection rate requirement is 10%, in which case the evaluations in RAN1 (e.g. [4]) show that a relaxation of the required SNR of approximately 5 dB is possible. Therefore, other PRACH formats will also give sufficient coverage performance.
It can also be noted that specification of PRACH repetition is an objective in the (non-NTN-specific) WI on further NR coverage enhancements [2].
[bookmark: _Toc113303504]RAN to conclude that there is no need for NTN-specific coverage enhancements for PRACH.
2.4 PDCCH/PDSCH/SSB
RAN1 did not agree on any conclusions for downlink performance, but from the performance evaluations from individual companies (summarized in the FL summary [3]), the following observation can be made.
The existing specification can meet the performance requirements for all downlink channels and signals with RF parameter set-1 for LEO-1200 operating at LOS assuming -5 dBi UE antenna gain.
Note: This assumes that there is no satellite transmission power reduction relative to what is specified by the set-1 RF parameters in TR 38.821.
The WID states that "The evaluation should also take into account any related regulatory requirements, e.g., ITU limitation of power flux density." RAN1 discussed regulatory limitations of PFD (power flux density), e.g. [5] and [6], but did not conclude on which regulations and what PFD levels that are applicable. It can be noted that applicable PFD levels will depend on deployed services and negotiated agreements between administrations, and it has not been investigated which PFD limitations would be applicable in which region. The suggested PFD limitations imply EIRP density reductions ranging from 12 to 25 dBW/MHz compared to current assumptions for LEO-1200 in TR 38.821. For any of these PFD limitation levels, downlink coverage is a severe problem for many channels, and the amount of coverage enhancement needed is unfeasible. Extensive repetitions in DL would be needed to overcome the coverage gap. It can be noted that repetitions will increase the DL activity factor, which increases the interference and therefore counter-acts the reduction in transmit power.
Extensive repetitions in downlink will increase the downlink activity factor, increase the downlink interference levels and therefore counter-act the PFD limitation that made the repetitions necessary.

We therefore propose the following:

[bookmark: _Toc113303505]RAN to conclude that NTN-specific coverage enhancements should not be specified for downlink channels/signals.

Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN to add an objective in the NTN enhancements WID to specify support for repetitions for PUCCH for Msg.4 HARQ-ACK.
Proposal 2	RAN to add an objective in the NTN enhancements WID to study if specification impact is needed to enable DMRS bundling for PUSCH, and if so, to specify the needed support.
Proposal 3	RAN to conclude that there is no need for NTN-specific coverage enhancements for PRACH.
Proposal 4	RAN to conclude that NTN-specific coverage enhancements should not be specified for downlink channels/signals.
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