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Introduction
In RAN1 #110bis-e meeting, the following agreements regarding dynamic switching between DFT-s-OFDM and CP-OFDM were made [1]:
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).

To support dynamic switching between DFT-s-OFDM and CP-OFDM, several aspects regarding indication of waveform, applicable UL channels, and assistance information needs to be discussed.
Discussion
Indication of waveform
[bookmark: _Hlk861261]To indicate the waveform for a PUSCH transmission, Alt. 1-A provides full flexibility at the cost of DCI overhead. Alt. 1-B-1 can dynamically indicate switching of waveforms with some flexibility, which depends on the configuration. For example, if TDRA table is used, the flexibility depends on the size of the TDRA table. If the size of the TDRA table is kept the same, to dynamically indicate waveforms, the flexibility of time domain resource allocation will be reduced, since the same SLIV may need to be contained in two rows, each row indicates a waveform.
Another way of repurposing existing DCI field is to consider beam-specific waveform. Since the waveform that is more suitable to be used depends on the UL transmission power needed to achieve a certain level of performance, which may depend on the UL beam, it is also motivated to indicate the waveform by SRI field or TCI state field since different waveforms may be suitable for different UL beams.
Proposal 1: Consider indication of waveform by SRI field in scheduling DCI.
Proposal 2: Consider indication of waveform by TCI state field in DL DCI.
For implicit indications, the waveform used for a PUSCH transmission depends on the setting of certain DCI fields. For example, if one layer transmission is indicated, DFT-s-OFDM is used. Otherwise, CP-OFDM is used. Since the implicit methods may restrict the transmission settings using CP-OFDM, and cannot be easily extended for indicating other potential waveforms such as DFT-s-OFDM with FDSS discussed under agenda item 9.14.2, we think it should be down prioritized.
Proposal 3: Down prioritize Alt. 1-B-2.
Applicable UL channels
Msg3
In current specifications, DFT-s-OFDM is applied for Msg3 transmission if msg3-transformPrecoder in RACH-ConfigCommon is configured. Otherwise, CP-OFDM is applied for Msg3 transmission. In Rel-17, Msg3 repetition is introduced to enhance the coverage of Msg3 transmission.
If dynamic waveform switching is supported for Msg3 transmission, it is most likely a separate PRACH occasion or PRACH preamble is needed for a Rel-18 UE to indicate the capability or request for waveform switching, so that the Rel-18 UE can re-intepret the RAR UL grant to know which waveform is indicated by the gNB. Since a separate PRACH preamble is anyway needed to support enhance coverage of Msg3 repetition, we think it is sufficient to use Msg3 repetition to enhance the coverage of Msg3 transmission if CP-OFDM is configured for Msg3 transmission, and it is up to gNB to configure a suitable RSRP threshold for UE to request Msg3 repetition.
Proposal 4: Dynamic waveform switching is not applicable to Msg3 transmission.
CG PUSCH
In current specifications, the waveform applied for a CG PUSCH transmission is determined based on transformPrecoder in configuredGrantConfig. If transformPrecoder is not configured in configuredGrantConfig, the waveform is determined based on the same method as that for Msg3. To adapt to variations of channel condition, it is better to determine waveform for CG PUSCH based on dynamic indication instead of RRC configuration.
For Type-1 CG, since activation DCI is not supported, MAC CE can be considered to switch the waveform of CG PUSCH.
For Type-2 CG, it is straight forward to dynamically switch the waveform of CG PUSCH by activation DCI. The same method for waveform indication for DG PUSCH can be reused.
Proposal 5: Dynamic waveform switching is applicable to CG PUSCH transmission.
Assistance information for waveform determination
Due to different MPR is allowed for different waveforms, the UE configured maximum output power PCMAX may be different for different waveforms. However, the gNB cannot know the PCMAX for DFT-s-OFDM when CP-OFDM is configured, and vice versa. For gNB to determine the suitable waveform for a PUSCH transmission, the PCMAX and power headroom for different waveforms should be known by the gNB. Therefore, it is necessary to enhance power headroom report for indicating information for different waveforms to the gNB.
Proposal 6: Enhance PHR to indicate information for different waveforms.
Conclusions
In this contribution, we discussed the issues regarding indication of waveform, applicable UL channels, and assistance information. We have the following proposals:
Proposal 1: Consider indication of waveform by SRI field in scheduling DCI.
Proposal 2: Consider indication of waveform by TCI state field in DL DCI.
Proposal 3: Down prioritize Alt. 1-B-2.
Proposal 4: Dynamic waveform switching is not applicable to Msg3 transmission.
Proposal 5: Dynamic waveform switching is applicable to CG PUSCH transmission.
Proposal 6: Enhance PHR to indicate information for different waveforms.
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