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The following observations and conclusions were made in RAN1#110 [1].
	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 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.
Conclusion
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.




Based on the observations and conclusions in RAN1 #110, the following was proposed in RAN plenary #97-e meeting [2], [3].
	Proposal 4.1: Capture in Rel-18 NR_NTN_enh WI [2]
«The following reference scenario is considered for the definition of uplink coverage enhancements for NTN: parameter set-1 for LEO-1200 satellite operating at Line of Sight (LOS) and commercial smartphones with -5.5 dBi antenna gain and 3 dB polarization loss (per antenna port).

Note: It is understood that the enhancements defined for LEO can also apply to GEO and MEO scenarios as appropriate. No additional work is expected for MEO/GEO.
The targeted services are VoIP using AMR 4.75 kbps and data transmission services with Low data rate of 3 kbps.”
The objectives are for NTN:
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To study DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) and, if necessary, specify enhancements to the Rel-17 procedures [RAN1] »

Objective for coverage enhancement WI [3]

The detailed objectives are for NTN:
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
To study DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) and, if necessary, specify enhancements to the Rel-17 procedures [RAN1]




In this contribution, the issues for coverage enhancement would be discussed.
2	Discussion 

2.1	PUCCH for Msg4 HARQ-ACK
The following observation and proposal were made in RAN1#110 [2].
	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.



To improve the CNR of MSG4 HARQ signaling, repeated transmission can be a solution. When the repetition is used for the Msg4 HARQ-ACK, it is necessary to define the configurations of HARQ repeated transmission and inform them of UEs.  As these configurations should be known at the UEs before the HARQ transmission, either DCI or SIB may be used for the signaling.

Observation
The configuration of HARQ repeated transmission can be indicated by DCI. 
The configuration of HARQ repeated transmission can be indicated by SIB. 

Proposal 1: Repeated transmission can be used to improve CNR of MSG4 HARQ signalling. In order to indicate HARQ repeated transmission, the following fields should be reused or a new field should be added.
· Option 1: Configuration information of HARQ repetition should be informed by DCI
· Option 1-a: Reuse some fields in DCI 1_0 scrambled by TC-RNTI to indicate HARQ repetition information
· Option 1-b: Add new field for HARQ repetition information to DCI
· Option 2: Add new field for HARQ repetition information to SIB (This SIB can be SIB 1 or SIB 19)

In addition to the HARQ repetition scheme, increasing transmission power of HARQ signalling for MSG4 can also be considered.
Proposal 2:  User equipment including power class 2 (HPUE) and power class 3 (handset) can transmit HARQ by increasing the average or instantaneous transmission power.


3	Conclusion
Proposal 1: Repeated transmission can be used to improve CNR of MSG4 HARQ signalling. In order to indicate HARQ repeated transmission, the following fields should be reused or a new field should be added.
· Option 1: Configuration information of HARQ repetition should be informed by DCI
· Option 1-a: Reuse some fields in DCI 1_0 scrambled by TC-RNTI to indicate HARQ repetition information
· Option 1-b: Add new field for HARQ repetition information to DCI
Option 2: Add new field for HARQ repetition information to SIB (This SIB can be SIB 1 or SIB 19)

Proposal 2:  User equipment including power class 2 (HPUE) and power class 3 (handset) can transmit HARQ by increasing the average transmission power.
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