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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#110-bis-e meeting, the following agreements were made on PRACH coverage enhancements [2].
Agreement
Dynamic waveform switching enhancement in R18 is only applicable to PUSCH channel.
Working Assumption
Support at least one of the following options for the dynamic waveform indication in R18:
Alt 1: Indication from an UL scheduling DCI
· Alt 1-A: New field in scheduling DCI
· Alt 1-B: Reuse existing field in scheduling DCI
· Alt 1-B-1: Explicit indication by repurposing field, e.g.
· Add one column to TDRA table
· Add one column to MCS table(s)
· Other solutions not precluded
· Alt 1-B-2: Implicit determination from condition(s) on scheduling information, e.g.
· RA type, MSB of RA
· Number of RBs (below threshold or multiple of 2,3,5)
· Location of RB allocation within carrier and the associated MPR
· MCS below threshold
· Number of PUSCH repetitions (or whether PUSCH repetition is used) and/or TBoMS
· Number of DMRS CDM group(s) without data
· Precoding information and number of layers
· SRI
· Condition over multiple types of scheduling information
· Other types of scheduling information not precluded
· Indicated waveform applies at least to the scheduled PUSCH transmission
· FFS: Whether it also applies to subsequent transmissions, and of which type
· FFS: DCI formats can contain the indication 
· FFS: Indication applies only if condition(s) are satisfied (e.g. PDCCH occasion, /RNTI, /Search space of the scheduling DCI, latest PHR reported by the UE, etc.)
Alt 2: Indication from a non-UL scheduling DCI
· FFS: DCI formats that can provide the indication (e.g. Downlink DCI, UE-group common DCI)
· FFS: Types of subsequent transmissions to which indication is applicable
Agreement 
To study and if necessary, specify, enhancements to assist the scheduler in determining waveform switching, such as:
· Reporting power headroom related information 
· Other solutions are not precluded
Agreement
Dynamic waveform switching enhancement in R18 is applicable to PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1.
· Note: The above does not imply that dynamic switching enhancement in R18 is applicable or not applicable to other cases of PUSCH (e.g. PUSCH transmission with a Type 1 or Type 2 configured grant, PUSCH scheduled by DCI format 0_0).
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.
To support the dynamic waveform switching, several options were discussed in last RAN1 meeting.
· Alt 1-A: Introduce 1bit information field to indicate the waveform
· Alt 1-B-1: Reinterpret existing information field in UL DCI to indicate the waveform
· Alt 1-B-2: Implicit determination based on scheduling information
· Alt 2: Indication from a non-UL scheduling DCI
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.    
As for the Alt 1-B, even the DCI size is not impacted, but it will introduce additional scheduling restrictions. Alt 2 requires UE and gNB keeping the current waveform until the new waveform indication is received, this would require more implementation efforts from both UE and gNB side. In addition, timeline need to be defined to apply the new waveform, missing the DCI would impact the waveform of following PUSCH transmissions. 
Proposal 2: Introduce 1bit new information field in DCI format 0_1/0_2 to indicate waveform, i.e., Alt 1-A.
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. 
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: Introduce 1bit new information field in DCI format 0_1/0_2 to indicate waveform, i.e., Alt 1-A.
Proposal 3: Dynamic waveform switching is supported for PUSCH transmission with Type 2 configured grant. 
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