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1. Introduction
In the WID for Rel-18 NR coverage enhancement [1], the following objectives are relevant to the dynamic waveform switching between DFT-S-OFDM and CP-OFDM.
	The detailed objectives of the work item are as follows:
· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)


In this contribution, we discuss on the dynamic waveform switching between DFT-S-OFDM and CP-OFDM for Rel-18 NR coverage enhancement.

2. Discussion
According to current specification, the gNB can determine either the DFT-S-OFDM or CP-OFDM as the UL waveform of PUSCH via higher layer parameter (e.g., transformPrecoder). That is, if the gNB wants to change the UL waveform for UE, the gNB could only change it by updating the higher layer parameter. Therefore, in order to improve this inefficient operation, the dynamic waveform transitions will be introduced Rel-18 coverage enhancement.
In general, the dynamic waveform switching between DFT-S-OFDM and CP-OFDM would be considered to be supported for UE in RRC connected state. For example, if the channel quality of the UE in RRC connected state is degraded, the gNB can dynamically change the UL waveform of the PUSCH (e.g., change from CP-OFDM to DFT-S-OFDM, if the UL waveform is configured as CP-OFDM via higher layer parameter). Therefore, we prefer to support the dynamic waveform switching between DFT-S-OFDM and CP-OFDM for UE in RRC connected state. 

Proposal 1. Support the dynamic waveform switching for UE in RRC connected state in Rel-18 NR coverage enhancement.

On the other hand, the UE in RRC idle/inactive state may be needed the dynamic waveform switching. For example, if the channel quality of the UE is degraded during the RACH procedure, the gNB can dynamically change the UL waveform of Msg3 PUSCH (including the re-transmission of Msg3 PUSCH). As a result, RAN1 can discuss further whether to support the dynamic waveform switching for PUSCH between DFT-S-OFDM and CP-OFDM in both RRC connected state and RRC idle/inactive state.

Observation 1. RAN1 can further discuss whether to support the dynamic waveform switching for PUSCH in both RRC connected state and RRC idle/inactive state.

Meanwhile, if the dynamic waveform switching is supported, the UE with UE capability for dynamic waveform switching should know whether the dynamic waveform switching is enabled or not. Therefore, we prefer to support the gNB can indicate whether the dynamic waveform switching is enabled or not via higher layer signaling (e.g., dedicated RRC signaling and/or SIB)

Proposal 2. Introduce a new higher layer parameter to indicate whether the dynamic waveform switching is enabled or not.

In addition, even if the dynamic waveform switching is enabled, if gNB does not dynamically change the UL waveform, it is necessary to define which UL waveform the UE should use to transmit the PUSCH. To support the UE behavior in these situation, a default UL waveform can be considered as one option. For example, the UE can use a UL waveform configured by higher layer parameter (e.g., transformPrecoder) as a default UL waveform. If a default UL waveform is defined as in this example, even if dynamic waveform switching is enabled via higher layer parameter, if gNB does not dynamically change the UL waveform, the UE can transmit PUSCH using default UL waveform.

Proposal 3. Introduce the default UL waveform in case when dynamic waveform switching is enabled.

By the way, several techniques can be considered for gNB to dynamically switch the UL waveform. In the simplest way, the gNB can indicate either DFT-S-OFDM or CP-OFDM as UL waveform by introducing additional 1 bit DCI field. However, a fallback DCI (e.g., DCI 0_0) has a problem that it is not easy to increase the DCI size. Alternatively, it can be considered the gNB can indicate the UL waveform by using the existing DCI field, and the UE can reinterpret existing DCI field to determine which UL waveform is configured, either DFT-S-OFDM or CP-OFDM.
On the other hand, the gNB is supposed to provide additional information via higher layer parameter necessary for DCI field interpretation. In this case, the gNB may also provide the UL waveforms into the corresponding higher layer parameter. For example, the gNB provides the TDRA information (e.g., k2, mapping type, and SLIV) via higher layer parameter “PUSCH-TimeDomainResourceAllocation”, where the gNB may also configure UL waveforms independently for each TDRA index within this higher layer parameter. This technique has the advantage of being able to support dynamic waveform switching without specification change for DCI formats.

Proposal 4. Support the dynamic switching of UL waveforms using DCI. 

Proposal 5. RAN1 can further study on the following options for dynamic waveform switching.
· Option 1: Define additional 1 bit in DCI format.
· Option 2: Provide UL waveform via legacy DCI field and it can be reinterpreted by UE.

3. Conclusion
In this contribution, we discussed on the dynamic waveform switching between DFT-S-OFDM and CP-OFDM for Rel-18 NR coverage enhancement, we have following proposals and observation.

Proposal 1. Support the dynamic waveform switching for UE in RRC connected state in Rel-18 NR coverage enhancement.

Observation 1. RAN1 can further discuss whether to support the dynamic waveform switching for PUSCH in both RRC connected state and RRC idle/inactive state.

Proposal 2. Introduce a new higher layer parameter to indicate whether the dynamic waveform switching is enabled or not.

Proposal 3. Introduce the default UL waveform in case when dynamic waveform switching is enabled.

Proposal 4. Support the dynamic switching of UL waveforms using DCI.

Proposal 5. RAN1 can further study on the following options for dynamic waveform switching.
· Option 1: Define additional 1 bit in DCI format.
· Option 2: Provide UL waveform via legacy DCI field and it can be reinterpreted by UE.
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