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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
As is approved in the latest WID [1] for Rel-18 coverage enhancement work item, following objective has been defined for supporting dynamic waveform switching between DFT-s-OFDM and CP-OFDM waveform:
	· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)



In this contribution, we provide our views on how to support dynamic waveform switching (DWS) between DFT-s-OFDM and CP-OFDM, including following aspects:
· Types of PUSCH supporting DWS,
· Signaling of supporting DWS of PUSCH,
· Other issues.
2. Discussions
2.1 Types of PUSCH with dynamic waveform switching
As is known in current NR specification, PUSCH scheduled by fallback DCI would be transmitted with the waveform configured for Msg3, while PUSCH scheduled by non-fallback DCI can be transmitted with a waveform configured in dedicated RRC signalling. Therefore, dynamic waveform switching is actually already supported for UEs through monitoring different DCI formats scheduling PUSCH although such waveform switching is not that flexible and can not happen for PUSCH transmissions scheduled by DCI with same format.
Observation 1: 
· Dynamic waveform switching is supported in legacy for UEs performing PUSCH transmissions scheduled by different DCI formats which is not flexible enough.
In this work item, it is expected to introduce more dynamic waveform switching. Before discussing specific signallings on how to support more flexible dynamic waveform switching, RAN1 should discuss which types of PUSCH can be applied with dynamic waveform switching. For example, it should be discussed on whether both DG and CG scheduled PUSCH transmissions should be supported with DWS. And for DG PUSCH, it should be further discussed on whether we focus on PUSCH scheduled by non-fallback DCI or we also consider DWS for PUSCH scheduled by fallback DCI.

Proposal 1: 
· RAN1 should conclude in this meeting on the types of PUSCH that should be supported with DWS in Rel-18 coverage enhancement work item.
For DG PUSCH scheduled by fallback DCI, to support DWS, the PUSCH may be scheduled for UEs not in RRC connected state, which means that early indication may be required to report UE capability of supporting such DWS. This is not preferred given large specification impact introduced and limited TU we have in this topic. 
For DG PUSCH scheduled by non-fallback DCI, it is natural to be supported with DWS as this was already studied in Rel-17 TEI discussions.
For CG PUSCH, at least for Type 2 CG PUSCH activated by non-fallback DCI, it should be fine be supported with DWS similar to DG PUSCH scheduled by non-fallback DCI. For Type 1 CG PUSCH, additional DCI receptions are needed if  waveform is expected to be dynamically changed. Therefore, at least for PUSCH scheduled by non-fallback DCI and Type 2 CG PUSCH activated by non-fallback DCI can be supported with DWS.
According to above, we have following proposal.
Proposal 2:
· Support DWS for PUSCH scheduled or activated by non-fallback DCI.
2.2 Signaling of supporting DWS of PUSCH
In this section, we focus on PUSCH scheduled or activated by non-fallback DCI to discuss how the DWS can be indicated by the network.
As is known, in Rel-17 TEI study, supporting DWS for dedicated PUSCH has already been discussed, which is postponed to Rel-18 as some companies would like to have more investigations on this. The list of options that were finally discussed in RAN1#106bis-e meeting is copied in below table from the FL summary [2].
	TEI proposal #14
· Support for dynamic switching of waveform in UL
· [bookmark: _GoBack]Alt1: DCI signaling based dynamic UL waveform switching, it could be implicit or explicit
· Alt1-1: Explicit signaling, e.g. by introducing 1 bit in DCI to indicate CP-OFDM or DFT-s-OFDM waveform to be used for PUSCH
· Alt1-2: Implicit signaling, e.g. CP-OFDM or DFT-s-OFDM waveform to be used for PUSCH is identified by certain condition on the scheduling information in the DCI without changing DCI format.
· Alt2: MAC CE signaling based dynamic UL waveform switching


To avoid unnecessary repeated discussions, RAN1 should further discuss and down-select from the list of options to support DWS for PUSCH scheduled or activated by non-fallback DCI based on the alternatives already proposed by companies in Rel-17 TEI study.
Proposal 3:
· Further discussions on the options to support DWS for PUSCH scheduled or activated by non-fallback DCI should be based on the alternatives already discussed in Rel-17 TEI study.
· Following options can be used as a start point for down-selection to support DWS of PUSCH
· Alt1: DCI signaling based dynamic UL waveform switching, it could be implicit or explicit
· Alt1-1: Explicit signaling, e.g. by introducing 1 bit in DCI to indicate CP-OFDM or DFT-s-OFDM waveform to be used for PUSCH
· Alt1-2: Implicit signaling, e.g. CP-OFDM or DFT-s-OFDM waveform to be used for PUSCH is identified by certain condition on the scheduling information in the DCI without changing DCI format.
· Alt2: MAC CE signaling based dynamic UL waveform switching
2.3 Other issues
In NR up to release 17, some features can be supported only for CP-OFDM or only for DFT-s-OFDM, including 
· Rank>1 which is only for CP-OFDM,
· Pi/2 BPSK modulation which is only for DFT-s-OFDM,
· Frequency domain resource allocation Type 0 which is only for CP-OFDM.
Therefore, it is possible that the target waveform of a PUSCH can be indicated as a waveform that is not expected to work together with other features when dynamic waveform switching is applied. 
Observation 2: 
· It is possible that the target waveform of a PUSCH can be indicated as a waveform that is not expected to work together with other features when dynamic waveform switching is applied.
For example, to support DWS indicated by DCI scheduling a PUSCH with rank>1, some rules may be needed to make sure the target waveform is only CP-OFDM. Similarly, rules may be needed to make sure pi/2 BPSK and frequency domain resource allocation type 0 are not indicated while the target waveforms are CP-OFDM and DFT-s-OFDM for these 2 cases respectively.

Proposal 4:
· RAN1 should discuss rules to avoid indicating a target waveform that is not supposed to be supported together with existing features like rank>1, pi/2 BPSK, FDRA type 0.
When DWS is indicated by DCI, either explicitly or implicitly, the DCI may be used to indicate multiple PUSCH transmissions to different TRPs or on different cells. In this case, it should be discussed whether same waveform is required to be supported for PUSCH transmissions for different TRPs or cells, or whether different waveforms can be signalled for different PUSCH transmissions independently. In our view, it’s not necessary to require same waveform for multiple PUSCH transmissions for different TRPs or cells as one UE may only have coverage issue for some of the TRPs/cells and DFT-s-OFDM may be preferred only for transmissions in cells with coverage issues.
Proposal 5:
· RAN1 should discuss on how to support DWS of multiple PUSCH transmissions scheduled by single DCI.

3. Conclusion
In this contribution, we discuss issues of supporting dynamic waveform switching between DFT-s-OFDM and CP-OFDM waveform, and have following  observations and proposals: 
Observation 1: 
· Dynamic waveform switching is supported in legacy for UEs performing PUSCH transmissions scheduled by different DCI formats which is not flexible enough.
Observation 2: 
· It is possible that the target waveform of a PUSCH can be indicated as a waveform that is not expected to work together with other features when dynamic waveform switching is applied.
Proposal 1: 
· RAN1 should conclude in this meeting on the types of PUSCH that should be supported with DWS in Rel-18 coverage enhancement work item.
Proposal 2:
· Support DWS for PUSCH scheduled or activated by non-fallback DCI.
Proposal 3:
· Further discussions on the options to support DWS for PUSCH scheduled or activated by non-fallback DCI should be based on the alternatives already discussed in Rel-17 TEI study.
· Following options can be used as a start point for down-selection to support DWS of PUSCH
· Alt1: DCI signaling based dynamic UL waveform switching, it could be implicit or explicit
· Alt1-1: Explicit signaling, e.g. by introducing 1 bit in DCI to indicate CP-OFDM or DFT-s-OFDM waveform to be used for PUSCH
· Alt1-2: Implicit signaling, e.g. CP-OFDM or DFT-s-OFDM waveform to be used for PUSCH is identified by certain condition on the scheduling information in the DCI without changing DCI format.
· Alt2: MAC CE signaling based dynamic UL waveform switching
Proposal 4:
· RAN1 should discuss rules to avoid indicating a target waveform that is not supposed to be supported together with existing features like rank>1, pi/2 BPSK, FDRA type 0.
Proposal 5:
· RAN1 should discuss on how to support DWS of multiple PUSCH transmissions scheduled by single DCI.
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