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1. Introduction
In RAN1 #110b-e meeting, the following agreements and conclusion were made for dynamic switching between DFT-S-OFDM and CP-OFDM of Rel-18 NR coverage enhancement WI as in [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).


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 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, the dynamic waveform transitions will be introduced 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.

On the other hand, the UE in RRC idle/inactive state may be needed the dynamic waveform switching. For example, if the channel quality of the UE is degraded during the RACH procedure, the gNB can dynamically change the UL waveform of Msg3 PUSCH (including the re-transmission of Msg3 PUSCH). As a result, RAN1 can discuss further whether to support the dynamic waveform switching for PUSCH between DFT-S-OFDM and CP-OFDM in both RRC connected state and RRC idle/inactive state.

Observation 1. RAN1 can further discuss whether to support the dynamic waveform switching for PUSCH in both RRC connected state and RRC idle/inactive state.

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 and/or SIB)

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

By the way, several techniques can be considered for gNB to dynamically switch the UL waveform. And, in RAN1 #110b-e meeting, working assumption was agreed regarding this issue. In the simplest way, the gNB can indicate either DFT-S-OFDM or CP-OFDM as UL waveform by introducing additional 1 bit DCI field. However, a fallback DCI (e.g., DCI 0_0) has a problem that it is not easy to increase the DCI size. Alternatively, it can be considered the gNB can indicate the UL waveform by using the existing DCI field, and the UE can reinterpret existing DCI field to determine which UL waveform is configured, either DFT-S-OFDM or CP-OFDM.
On the other hand, the gNB is supposed to provide additional information via higher layer parameter necessary for DCI field interpretation. In this case, the gNB may also provide the UL waveforms into the corresponding higher layer parameter. For example, the gNB provides the TDRA information (e.g., k2, mapping type, and SLIV) via higher layer parameter “PUSCH-TimeDomainResourceAllocation”, where the gNB may also configure UL waveforms independently for each TDRA index within this higher layer parameter. That is, one column for the waveform is added to the TDRA table, and then the TDRA field in DCI format can be used to dynamically indicate the waveform for each PUSCH scheduling. This technique has the advantage of being able to support dynamic waveform switching without specification change for DCI formats.

Proposal 3. RAN1 can further study on the following options for dynamic waveform switching.
· Option 1: Define additional 1 bit in DCI format.
· Option 2: Provide UL waveform via legacy DCI field and it can be reinterpreted by UE.
· Option 3: Provide UL waveform with additional column in the TDRA table

Meanwhile, in RAN1 #110b-e meeting, it was 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 2. RAN1 can further discuss whether/how to support switching the waveform of CG PUSCH dynamically along the waveform of DG PUSCH.

3. Conclusion
[bookmark: _GoBack]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. 

Observation 1. RAN1 can further discuss whether to support the dynamic waveform switching for PUSCH in both RRC connected state and RRC idle/inactive state.

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

Proposal 3. RAN1 can further study on the following options for dynamic waveform switching.
· Option 1: Define additional 1 bit in DCI format.
· Option 2: Provide UL waveform via legacy DCI field and it can be reinterpreted by UE.
· Option 3: Provide UL waveform with additional column in the TDRA table

Observation 2. RAN1 can further discuss whether/how to support switching the waveform of CG PUSCH dynamically along the waveform of DG PUSCH.
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