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1 Background
The current work item on “NR NTN enhancements” includes the following objective on coverage enhancements:
· 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 planned study phase was of two quarters, with objectives to be defined in RAN#97 for RAN1 items and RAN#98 for RAN2 items.
In this contribution, we present our views on the RAN1-led items to be included in the normative phase for NTN coverage enhancements.
2 Uplink - PUCCH
For PUCCH, the RAN1 study concluded that the coverage target can be met in the prioritized cases, except for the case of msg4 HARQ-ACK:
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.

Since this is a very clear recommendation from RAN1, we propose to include enhancements to this channel in the scope of the normative work:
Proposal 1: For Rel-18 NTN coverage enhancement, include the following objective:
· Enhancements to PUCCH for Msg4 HARQ-ACK [RAN1]

3 Uplink - PRACH
For PRACH, although there were many results submitted to RAN1, unfortunately those results were not comparable due to the different simulation assumptions used by different companies. One of the major differences was the usage of 1 Rx or 2 Rx chains at the satellite, which created a big divergence in the results:

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.

As seen above, the results are non-conclusive, although it can be seen that none of the existing PRACH format can meet the performance requirements with an adequate margin. Since the Rel-18 work item on coverage enhancements is studying enhancements for PRACH, we make the following proposal:
Proposal 2: Enhancements for PRACH for NTN are to be considered within the work item on “Further NR coverage enhancements”.
· RAN to reconsider NTN-specific enhancements if those specified in “Further NR coverage enhancements” are not enough to meet the NTN requirements.

4 Uplink – PUSCH
For PUSCH, the case that may need additional enhancements is the support of VoNR with AMR 4.75kbps codec:
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.

The main conclusion for enhancement for VoNR is as follows:
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.

The case of VoNR is a bit different from other channels, where the coverage requirement may just be met by adding additional repetitions: in VoNR, the cadence of speech frames (one every 20ms) fundamentally limit the number of repetitions that can be used for a single packet.
The main discussion in RAN1 focused on the applicability of DMRS bundling for the case of NTN LEO: in LEO, the UE must perform time and frequency precompensation, which may change from slot. This case, based on our understanding, was not considered by RAN1 or RAN4 when defining the procedures and requirements for DMRS bundling. Therefore RAN1 and RAN4 should specify enhancements to support DMRS bundling for NTN.
Additionally, it was observed that lower overhead (e.g. by bundling 2 speech frames in the same application layer packet) substantially improve performance for VoNR. RAN1 may need to take into account the conclusions of the RAN2 study on protocol overhead (to be revisited in RAN#98).
In view of the above, we make the following proposal:
Proposal 3: For Rel-18 NTN coverage enhancement, include the following objective:
· Enhancements to PUSCH:
· Support of DMRS bundling with time/frequency pre-compensation [RAN1, RAN4]
· [Enhancements resulting from the RAN2 objective on “reduced protocol overhead”, to be revisited in RAN#98]

5 Downlink
For downlink, there are no observations / conclusions captured in RAN1. The main controversy was related to the “PFD limit”, which may reduce the amount of power the satellite can use for transmission in certain areas (due to regulatory requirements). The situation, although not officially captured in the Chairman’s notes, was as follows:
· Without power reduction, all channels can meet the requirements (in the prioritized scenarios).
· With power reduction, some channels may not meet the requirements, depending on the power reduction.
In our view, if downlink enhancements are to be specified in Rel-18 for NTN coverage, RAN should provide guidance on the maximum power reduction to be considered.
Proposal 4: For the case of downlink power reduction due to PFD limit, RAN to provide a clear guidance on if a power reduction is needed and the maximum amount to be considered.
6 Summary
In this contribution we presented our views on NTN coverage enhancements. We made the following proposals:
Proposal 1: For Rel-18 NTN coverage enhancement, include the following objective:
· Enhancements to PUCCH for Msg4 HARQ-ACK [RAN1]

Proposal 2: Enhancements for PRACH for NTN are to be considered within the work item on “Further NR coverage enhancements”.
· RAN to reconsider NTN-specific enhancements if those specified in “Further NR coverage enhancements” are not enough to meet the NTN requirements.
Proposal 3: For Rel-18 NTN coverage enhancement, include the following objective:
· Enhancements to PUSCH:
· Support of DMRS bundling with time/frequency pre-compensation [RAN1, RAN4]
· [Enhancements resulting from the RAN2 objective on “reduced protocol overhead”, to be revisited in RAN#98]
Proposal 4: For the case of downlink power reduction due to PFD limit, RAN to provide a clear guidance on if a power reduction is needed and the maximum amount to be considered.
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