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1. Introduction
In the RAN1 #111 meeting, the following agreements were made for dynamic switching between DFT-S-OFDM and CP-OFDM of Rel-18 NR coverage enhancement WI as in [1]:
	Agreement
For DCI based solution, 
· For supported dynamically scheduled PUSCH, support dynamic waveform switching indication from UL scheduling DCI
· Note: “Supported dynamically scheduled PUSCH” is to be confirmed in further discussion 
· Note: It does not imply that the waveform switching indication applies to other transmission or not
· Indication from non-UL scheduling DCI is not supported.
· Note: the working assumption made in RAN1#110b-e for “Support at least one of the following options for the dynamic waveform indication in R18” does not need to be confirmed
Working Assumption
Support new 1-bit field for dynamic waveform indication from UL scheduling DCI
· Note: no change of the current size alignment procedure between UL DCI and DL DCI
Agreement
Study the necessity of the following potential enhancements to assist the scheduler in determining waveform switching:
· Reporting power headroom related information based on PCMAX,f,c applicable to a target waveform 
· Target waveform can be same or different from waveform of an actual PUSCH transmission
· FFS target RB allocation and/or target modulation order can be same or different from respective properties of an actual PUSCH transmission 
· FFS determination of target waveform, target RB allocation, target modulation order
· FFS details, e.g. report PCMAX,f,c or Type 1 power headroom for a waveform, or difference thereof between waveforms
· PHR triggering enhancements, e.g.
· Network-triggered PHR
· PH becomes lower (higher) than a threshold
· PHR triggered by waveform switching
· Reporting of recommended waveform or request to switch waveform
· Other solutions not precluded


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 the 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, dynamic waveform transitions will be introduced for 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.

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)

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

In previous meeting, several options were discussed about how to dynamically change UL waveform for dynamic waveform switching. One of those options is to implement an explicit DCI field to dynamically indicate/switch the UL waveform from CP-OFDM to DFT-S-OFDM, and vice versa. Consequently, the relevant working assumption was agreed in RAN1#111 meeting, which introduces a new 1-bit indication field for dynamic waveform switching.
Given it is quite clear and straightforward solution, we prefer to confirm this working assumption if there is no significant problem with DCI size alignment.

Proposal 3. Confirm the following working assumption.
Working Assumption
Support new 1-bit field for dynamic waveform indication from UL scheduling DCI
-	Note: no change of the current size alignment procedure between UL DCI and DL DCI

Once the new 1-bit field for dynamic waveform indication is finally introduced, it is necessary to clarify which DCI format could be compliant. Firstly, there might be no issues for adding 1-bit field in non-fallback DCIs, e.g. DCI format 0_1, DCI format 0_2 (configured), since those DCI formats have configurable characteristic. However, fallback DCI, i.e. DCI format 0_0 which is especially monitored in common search space (CSS) across all UEs, has a restriction to increase the DCI size, hence add the new 1-bit field is not desirable in this case.
On the other hand, some companies may propose that dynamic waveform switching should be supported using other methods instead of adding 1-bit new field for fallback DCI. However, since it is desirable to introduce uniform solution for all DCI formats, we prefer not to support dynamic waveform switching in fallback DCI in Rel-18 CE.
Moreover, it is necessary to make a decision whether the dynamic waveform switching is applicable for Msg. 3 PUSCH (re-)transmission. To be specific, Msg. 3 PUSCH transmission during initial access procedure should be allocated by RAR UL grant, and Msg. 3 PUSCH re-transmission is scheduled by DCI format 0_0. Considering both cases are difficult to secure a new 1-bit indication field, it is preferred not to introduce dynamic waveform switching for Msg. 3 PUSCH (re-)transmission in Rel-18 CE.

Proposal 4. Dynamic waveform switching is not applicable to fallback DCI (e.g., DCI format 0_0) in Rel-18 CE.

Proposal 5. Dynamic waveform switching is not applicable to Msg. 3 PUSCH (re-)transmission in Rel-18 CE.

Meanwhile, in previous meetings, it has been discussed whether to change the waveform of CG PUSCH according to the waveform of DG PUSCH. In general, the main reason why the gNB changes the waveform of DG PUSCH dynamically is that the channel quality of the UE can be degraded. Therefore, if the gNB changed the waveform of DG PUSCH to be transmitted by the UE from CP-OFDM to DFT-S-OFDM dynamically, the CG PUSCH transmitted by the same UE using CP-OFDM may not be well received by the gNB at least during few milliseconds at a similar time. Therefore, if CG PUSCH is configured to be transmitted during N ms after DG PUSCH transmission indicated to switch the waveform dynamically (e.g., N can be configured in few milliseconds), and if the waveform of CG PUSCH is different from the waveform of DG PUSCH, it is possible to consider changing the waveform of CG PUSCH to the waveform of DG PUSCH.

Observation 1. RAN1 can further discuss whether/how to support switching the waveform of CG PUSCH dynamically along the waveform of DG PUSCH.

There was a discussion of a power control mechanism to assist dynamic waveform switching. That is, the UE transmission power must be appropriately adjusted according to the UL waveform dynamically indicated from gNB. With the power headroom information, i.e. PHR, per its UL waveform reported by UE, gNB will estimate how much available power the UE has.
Considering the power control technique when UL waveform is dynamically indicated as above mentioned, there might require an additional procedure, i.e. closed-loop power control, for gNB to indicate that UE modifies its transmission power level. In other words, a UE transmission power is adjusted after the waveform is changed subsequently, which may result in a delay during the closed-loop power control procedure. Therefore, it is necessary to discuss on not only whether the enhancement of PHR procedure is required for dynamic waveform switching, but also how UE can assist gNB to manage the required level of transmission power immediately if necessary.

Observation 2. RAN1 can further discuss whether the enhancement of PHR procedure is required and how UE can assist gNB to manage the required transmission power according to indicated waveform when dynamic waveform switching is enabled.

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 observations.

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

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

Proposal 3. Confirm the following working assumption.
Working Assumption
Support new 1-bit field for dynamic waveform indication from UL scheduling DCI
-	Note: no change of the current size alignment procedure between UL DCI and DL DCI

Proposal 4. Dynamic waveform switching is not applicable to fallback DCI (e.g., DCI format 0_0) in Rel-18 CE.

Proposal 5. Dynamic waveform switching is not applicable to Msg. 3 PUSCH (re-)transmission in Rel-18 CE.
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Observation 1. RAN1 can further discuss whether/how to support switching the waveform of CG PUSCH dynamically along the waveform of DG PUSCH.

Observation 2. RAN1 can further discuss whether the enhancement of PHR procedure is required and how UE can assist gNB to manage the required transmission power according to indicated waveform when dynamic waveform switching is enabled.
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