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[bookmark: _Ref54129494]Introduction
At RAN#96e, the work item description [1] for Rel18 was updated. In this work item description, the justification and motivation for the work is as follows: 

	Coverage is one of the key factors that an operator considers when commercializing cellular communication networks due to its direct impact on service quality as well as CAPEX and OPEX. UL performance could be the bottleneck in most of scenarios in real deployment, while there are emerging vertical use cases that have UL heavy traffic, e.g., video uploading. In Rel-17 work item 900061 “NR Coverage Enhancements”, NR coverage has been extended for some of the bottleneck channels identified in the Rel-17 study item 860036 “Study on NR coverage enhancements”, in particular for PUSCH, PUCCH and Msg3. However, not all needs for coverage enhancement have been addressed by the Rel-17 WID, due to its limited scope.
· In Rel-17, PRACH coverage enhancement has not been addressed, despite being identified as one of the bottleneck channels in the corresponding studies. PRACH transmission is very important for many procedures, e.g., initial access and beam failure recovery.
· The UE transmission power is the most valuable resource in uplink and enhancements to unlock additional uplink power are highly valuable for UL coverage. There are some studies and works in Rel-17 on the power domain, such as enhancements to reduce MPR/PAR in “Study on NR coverage enhancements” and “Increasing UE power high limit for CA and DC”, and hence some further study is necessary to exploit the Rel-17 studies/works.
· DFT-S-OFDM waveform is beneficial for UL coverage limited scenario because of its lower PAPR compared with CP-OFDM waveform. Currently, UL waveform is configured via RRC and this limitation imposes a large barrier to switch over to DFT-S-OFDM waveform for cell-edge UEs practically.
The objective of this work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. 
The detailed objectives of the work item are as follows:
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
·  Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)



This contribution discusses some aspects of coverage enhancement based on the third bullet point which requires RAN1 to specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM on the NR uplink.
[bookmark: _Hlk63428477]NTN Coverage Enhancement
The coupling loss (CL) between the UE and the gNB depends largely on the distance between the UE and gNB but also on any obstacles such as buildings, traffic, foliage etc that happen to be located in the line of sight between the UE and gNB. To a lesser extent, the CL is also influenced by propagation conditions such as fading due to precipitation and doppler spread due to UE mobility. On the DL, coverage can be improved by transmitting more power from the gNB. In the UL, the situation can be more dire considering that the power a UE of a given class can transmit is limited by regulation even if the UE batteries can sustain a higher power. 

Whilst other aspects of this WI look at coverage enhancement for particular UL channels, in this section we analyse potential issues arising from dynamic switching of the waveform in the UL.

NR Operation with different UL waveforms
It is mandatory for all Rel-17 NR-capable UEs to support both CP-OFDM and DFT-S-OFDM as UL transmission waveforms. In normal use, the gNB selects the waveform to be used for UL transmissions and informs the UE via SIB1 for Msg3 of the initial access procedure and semi-statically via RRC signaling for both dynamic and configured grant PUSCH transmissions.
DFT-S-OFDM is similar to single carrier waveforms in having a lower peak-to-average power ratio (PAPR) than the multi-carrier CP-OFDM waveform. A transmitter using DFT-S-OFDM can therefore operate its output power amplifier at its non-linear characteristic region without fear of excessive waveform clipping thereby engendering a lower ACLR and reduced interference at the receiver. Further, because of its lower ACLR the UE can operate with a lower maximum power reduction (MPR) factor than a UE transmitting CP-OFDM. This means that a UE transmitting DFT-S-OFDM in the UL is allowed to transmit more power (in some cases as much as 1.5dB) than a UE using CP-OFDM. The use of DFT-S-OFDM therefore allows a given UE to achieve the maximum output power for its class very efficiently whilst saving battery power. Furthermore, as DFT-S-OFDM does not support MIMO, cross spatial interference is at a minimum meaning that for the same UE transmit power, DFT-S-OFDM can have significantly more coverage than CP-OFDM.
This suggests that it would be advantageous for a UE with CP-OFDM configured as its UL waveform and needing to increase its coverage for example because it is about to fall out of good coverage to be configured to switch to DFT-s-OFDM for either all UL transmissions or only those that are out of coverage.
Observation 1: Not all UL channels and signals fall out of coverage at the same time.
Proposal 1: RAN1 should study configuration of UL waveform switching from CP-OFDM to DFT-s-OFDM for UL channels in need of coverage enhancement.

Waveform Configuration for Msg3
Configuration of the UL waveform for Msg3 of the RACH procedure in Rel-17 is done via the msg3-transformPrecoding field of the SIB1 RACH-ConfigCommon IE. As this is configured in the SIB, it is common for all UEs whether in or out of coverage. For RRC-Connected mode UEs that happen to be out of UL coverage, the SIB1 transformPrecoding field can be over-ridden by the gNB. This override would be telling the UE to use DFT-S-OFDM for Msg3 when next it has to RACH. Various ways in which this can be done can be discussed.
Proposal 2: RAN1 should consider the following options for waveform configuration for Msg3 RRC-CONNECTED and RRC-INACTIVE mode UEs:
· Option 1: RRC Signaling
· Option 2: MAC CE 
· Option 3: Signaling in the PDCCH order to RACH

For any RRC-Idle mode UE that is either going out of or is already out of normal coverage, such a UE may still be able to reach the network with PRACH because of the power ramping that can be engaged during transmission of the PRACH.  Based on the network’s determination that the UE is out of UL coverage, the network can signal for an out of coverage UE that it should use DFT-S-OFDM for Msg3 transmission in the RAR.
Proposal 3: RAN1 should incorporate signalling in RAR for waveform for Msg3 for RRC-Idle mode UEs.

Dynamic versus semi-static Waveform Configuration for PUSCH
Semi-static configuration of the UL waveform for dynamic grant is achieved in Rel-17 via the transformPrecoding field of RRC PUSCH-Config IE. Similarly, for configured grant, it is achieved via the transformPrecoding field of RRC ConfiguredGrantConfig IE. Semi-static configuration via RRC means that the UE is configured to use DFT-S-OFDM until further notice. The network could do this when it decides that the UE is either in an UL coverage limited situation or out of UL coverage. As RRC configuration can be rather slow, the UE may have gone out of coverage without having a chance to ACK and apply the RRC command. On the other hand, RRC configuration will have very little specification impact.
If dynamic configuration was used instead, the command to switch to DFT-S-OFDM can be sent in the DCI that schedules the PUSCH or sets up or activates the CG. For this, an additional bit may need to be added to the scheduling DCI or this waveform can be indicated as part of TDRA. This option will engender some specification impact. 
Proposal 4: RAN1 should consider two options for changing UL waveform:
· Faster Semi-static Configuration via RRC
· Dynamic Configuration via DCI

Conclusions
We have discussed why DFT-S-OFDM is better for coverage than CP-OFDM and the scenarios when it can be deployed. We make the following proposals based on the relevant observations.
Observation 1: Not all UL channels and signals fall out of coverage at the same time.
Proposal 1: RAN1 should study configuration of UL waveform switching from CP-OFDM to DFT-s-OFDM for UL channels in need of coverage enhancement.

Proposal 2: RAN1 should consider the following options for waveform configuration for Msg3 RRC-CONNECTED and RRC-INACTIVE mode UEs:
· Option 1: RRC Signaling
· Option 2: MAC CE 
· Option 3: Signaling in the PDCCH order to RACH

Proposal 3: RAN1 should incorporate signalling in RAR for waveform for Msg3 for RRC-Idle mode UEs.

Proposal 4: RAN1 should consider two options for changing UL waveform:
· Faster Semi-static Configuration via RRC
· Dynamic Configuration via DCI
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