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Introduction
A new Rel-18 WI on further coverage enhancement [1] was approved in RAN#94e. one of the objectivce of this WI is to improve PRACH coverage.
· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)
In RAN1#111 meeting, the following agreements were made on PRACH coverage enhancements [2].
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 the aspect of dynamic waveform switching and  give our proposals.
Discussion on dynamic waveform switching
According to current specification, the waveform switching between DFT-S-OFDM and CP-OFDM is configured by RRC parameter transformPrecoder in pusch-Config, or by msg3-transformPrecoder if transformPrecoder is not configured. As the DFT-S-OFDM waveform has the lower PAPR than CP-OFDM, it can improve the UE PA power efficiency, it’s beneficial to coverage limited UE. The semi-static reconfiguring the waveform would limit UE to adapt the waveform flexibly. The mainly use case for dynamic waveform switching is for the cell edge users, it’s less attractive to cell center users. Thus, dynamic waveform switching function could be enabled/disabled the gNB according to the network scheduling strategy. 
Proposal 1: Dynamic switching between DFT-S-OFDM and CP-OFDM is UE specifically enabled/disabled by RRC signaling.
Regarding the signalling indication of dynamic waveform switching, a working assumption was made in last RAN1 meeting. Considering the waveform switching is UE specific configured and size of some information field in DCI format 0_1 and 0_2 is configurable, introducing 1bit new information field seems straightforward, and has no impacts on existing information field usage and interpretation. This new information field in DCI is configurable, if dynamic waveform switching function is disable, this field is 0 bit. In short, no issue is found to introduce this 1-bit new field, the working assumption can be confirmed.   
Proposal 2: Confirm the following 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
For PUSCH transmission with the configured grant, the general principle is if the agreed solution for PUSCH scheduled by the dynamic grant could be reused by configured grant PUSCH, then waveform switching is supported by the configured grant without additional standard efforts. In this way, the dynamic waveform switching could be supported by Type 2 configured grant PUSCH via the activation DCI, and waveform switching is not supported by Type1 configured grant PUSCH.
Proposal 3: Dynamic waveform switching is supported for PUSCH transmission with Type 2 configured grant. 
Regarding the assistance information for waveform switching, the Pcmax value is different for CP-OFDM waveform and DFT-S-OFDM waveform. If both Pcmax are reported, it could help gNB to determine the power headroom for both waveforms. According to RAN2 specification TS38.321, single entry PHR MAC CE includes the PH and Pcmax. The standard impact is similar to introduce target waveform Pcmax or PHR on top of source waveform PHR report. But, reporting both PHR reports makes gNB implementation easier, gNB don’t need to record the PUSCH scheduling info and calculate the target waveform power headroom.  
Proposal 4: Both PHRs for source waveform and target waveform are reported together as assistance information for gNB waveform determination.
For the power headroom calculation, if the target RB location and MCS is different from actual scheduled PUSCH, gNB could not compare the power difference between two waveforms direclty, the assistance info may not enough for gNB determining the waveform. In addition, how to determine the virtual RB location, RB number, MCS are not clear. It can be imagined the standard impacts are not negligible, but the benefit is limited. Therefore, RB number and location, MCS shall be the same for calculating PH both source and target waveform. 
Proposal 5: RB number, PR location and MCS for target waveform PH calculation are derived from actual scheduled PUSCH.
According to current specification, PHR report can be triggered periodically based on periodic timer, i.e., phr-PeriodicTimer. The minimum vale of this timer is 10 subframe. As the waveform switching could be indicated via DCI, it makes the waveform changing so fast. Periodic PHR timer could not match with waveform switching. If the periodic PHR timer can be configured with smaller values, the provided PHR could be more meaningful for gNB determining the waveform.  
Proposal 6: considering shorter periodic PHR timer for dynamic waveform switching. 
Summary
In this contribution, we discuss the mechanism of supporting dynamic waveform switching between DFT-s-OFDM and CP-OFDM, and have the following proposals:
Proposal 1: Dynamic switching between DFT-S-OFDM and CP-OFDM is UE specifically enabled/disabled by RRC signaling.
Proposal 2: Confirm the following 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 3: Dynamic waveform switching is supported for PUSCH transmission with Type 2 configured grant. 
Proposal 4: Both PHRs for source waveform and target waveform are reported together as assistance information for gNB waveform determination.
Proposal 5: RB number, RB location and MCS for target waveform PH calculation are derived from actual scheduled PUSCH.
Proposal 6: considering shorter periodic PHR timer for dynamic waveform switching. 
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