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At the RAN1#111 meeting, the following agreements and working assumptions were made regarding dynamic switching between DFT-s-OFDM and CP-OFDM waveform [1]:
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
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 the contribution, we present our views on dynamic switching between DFT-s-OFDM and CP-OFDM for PUSCH transmission. Our views on PRACH coverage enhancement and power domain enhancement are described in our companion contributions [2] and [3], respectively. 
Discussion on dynamic waveform indication 
In the existing specification, PUSCH transmission can be configured with either DFT-s-OFDM or CP-OFDM waveform via RRC signalling. In general, for cell edge UEs with poor channel conditions, it is more appropriate to utilize DFT-s-OFDM waveform for PUSCH transmission for better coverage due to low PAPR. On the contrary, for cell center UEs with high SNR, CP-OFDM waveform is more beneficial given the fact that it can support UL MIMO with high rank transmission so as to provide high data rate and improve system capacity. 
When PUSCH is scheduled by DCI format 0_0, the default waveform type configured by msg3-transformPrecoder is applied for the PUSCH transmission. Note that when different waveform type is configured by msg3-transformPrecoder and transformPrecoder, respectively, certain level of dynamic switching between DFT-s-OFDM and CP-OFDM is already supported to some extent if different DCI format, i.e., fallback and non-fallback DCI formats, are used to schedule PUSCH transmission.
To fully exploit the benefit of DFT-s-OFDM or CP-OFDM waveform for PUSCH transmission in a timely manner, dynamic switching of waveform type can be supported for PUSCH transmission. At the RAN1#111 meeting, it was agreed as working assumption that new 1-bit field for dynamic waveform indication from UL scheduling DCI is supported. This is mainly motivated by the fact that this approach can allow full flexibility on the waveform selection for PUSCH transmission compared to other alternatives. Considering the benefit and simplicity, it is more desirable to confirm the working assumption for dynamic waveform indication.
Proposal 1:
· RAN1 to confirm the following working assumption:
· Support new 1-bit field for dynamic waveform indication from UL scheduling DCI

At the RAN1#110b-e meeting, it was agreed that 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 [4]. To enable dynamic waveform indication in the DCI format 0_1 or 0_2, presence of this new 1-bit field can be configured by RRC signalling. 
Further, based on the new 1-bit field, dynamic waveform switching can be enabled for each time when gNB schedules a DG-PUSCH via DCI format 0_1 or 0_2. In this regard, indicated waveform only applies for the scheduled PUSCH. To avoid misunderstanding between gNB and UE, the indicated waveform does not apply for any subsequent PUSCH transmissions. 
Proposal 2:
· Presence of 1-bit field for dynamic waveform indication in DCI format 0_1 or 0_2 can be configured by RRC signalling.
· For DG-PUSCH scheduled by DCI format 0_1 or 0_2, indicated waveform only applies for the scheduled PUSCH, and does not apply for subsequent PUSCH transmissions. 

At the RAN1#111 meeting, it was agreed as working assumption that when 1-bit field for dynamic waveform switching is included in the DCI format 0_1 or 0_2, existing size alignment procedure between UL DCI and DL DCI is reused [1]. However, given the fact that some DCI fields for CP-OFDM and DFT-s-OFDM waveform may have different sizes, UL DCI payload size needs to be determined to avoid ambiguity between UE and gNB. In particular, the following DCI field size may be different for CP-OFDM and DFT-s-OFDM waveform:
· Precoding information and number of layers
· Antenna ports
· PTRS-DMRS association
· SRS resource indicator (SRI)
· DMRS sequence initialization 
Typically, for these DCI fields, the size for CP-OFDM waveform is larger than that for DFT-s-OFDM waveform. In this case, to ensure a common understanding between gNB and UE, DCI size can be matched assuming CP-OFDM waveform for dynamic waveform switching. 
Proposal 3:
· For dynamic waveform switching, DCI size is matched assuming CP-OFDM waveform. 

Application of dynamic waveform switching
At the RAN1#110b-e meeting, it was agreed that dynamic waveform switching enhancement is applicable to PUSCH scheduled by non-fallback DCI or dynamically scheduled CG-PUSCH retransmission [1]. The following scenarios need to be further considered on whether dynamic waveform switching can be applied: 
· PUSCH scheduled by DCI format 0_0
· Type 1 CG-PUSCH
· Type 2 CG-PUSCH activated by DCI format 0_1/0_2 or DCI format 0_0 and subsequent CG-PUSCH transmission 
· Msg3 PUSCH transmission and retransmission 
In current specification, when PUSCH is scheduled by DCI format 0_0, the default waveform type configured by msg3-transformPrecoder is applied for the PUSCH transmission. Given that DCI format 0_0 is mainly targeting fallback operation, it may not be preferrable to further increase the payload size for DCI format 0_0 when utilizing explicit indication for dynamic waveform switching. In our view, dynamic waveform switching enhancement is not applicable to PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI. In this regard, for PUSCH scheduled by DCI format 0_0, the existing mechanism for waveform type indication can be reused.
Proposal 4:
· Dynamic waveform switching enhancement is not applicable to PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI.

For Type 1 CG-PUSCH, given that the PUSCH transmission is semi-statically configured, it is straightforward that dynamic switching indication may not be directly applied. Further, gNB may configure multiple CG-PUSCH configurations, where each CG-PUSCH configuration may be configured with different waveform types. In this case, UE may select one of the CG-PUSCH configurations with appropriate waveform for PUSCH transmission. Hence, in our view, dynamic waveform switching enhancement is not applicable to Type 1 CG-PUSCH. 
For Type 2 CG-PUSCH, for the PUSCH which is activated by a DCI, a unified solution as defined for DG-PUSCH can be directly applied. In particular, dynamic waveform switching enhancement is not applicable to Type 2 CG-PUSCH when PUSCH is activated by DCI format 0_0, while dynamic waveform switching enhancement is applicable to Type 2 CG-PUSCH when PUSCH is activated by DCI format 0_1 and 0_2. Further, for subsequent PUSCH transmission after activation, same waveform as determined based on the activation DCI can be applied. 
Proposal 5:
· Dynamic waveform switching enhancement is not applicable to Type 1 CG-PUSCH.
· Dynamic waveform switching enhancement is not applicable to Type 2 CG-PUSCH including the PUSCH activated by DCI format 0_0 and subsequent PUSCH transmissions. 
· Dynamic waveform switching enhancement is applicable to Type 2 CG-PUSCH including the PUSCH activated by DCI format 0_1 and 0_2 and subsequent PUSCH transmissions. 
· Indicated waveform based on activation DCI is applied for initial and subsequent PUSCH transmissions. 

For Msg3 PUSCH initial transmission or retransmission, whether DFT-s-OFDM or CP-OFDM waveform is applied is determined according to configured parameter msg3-transformPrecoder. In Rel-17 NR coverage enhancement WI, repetition is supported for Msg3 PUSCH during 4-step RACH procedure, which mainly aims to improve the coverage. Note that for cell edge UEs that need coverage enhancement, it is expected that DFT-s-OFDM waveform can be employed so as to provide better coverage for Msg3 transmission. 
However, even for UEs with poor channel conditions, UE still needs to follow the cell-specifically configured parameter msg3-transformPrecoder to determine the waveform type. In case the network configures CP-OFDM waveform as default waveform type, this would certainly degrade the Msg3 performance for these UEs. 
To improve the reliability of Msg3 transmission, it may be more beneficial to incorporate each UE’s own channel conditions, instead of relying on cell specific parameter, to determine the waveform type during 4-step RACH procedure. Hence, in our view, similar to the PUSCH transmission scheduled by non-fallback DCI, dynamic waveform switching enhancement is applicable for Msg3 PUSCH initial transmission and retransmission. 
Proposal 6:
· Dynamic waveform switching enhancement is applicable for Msg3 PUSCH initial transmission and retransmission.

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on dynamic switching between DFT-S-OFDM and CP-OFDM for PUSCH transmission. Further, we summarize the proposals as follows:
Proposal 1:
· RAN1 to confirm the following working assumption:
· Support new 1-bit field for dynamic waveform indication from UL scheduling DCI
Proposal 2:
· Presence of 1-bit field for dynamic waveform indication in DCI format 0_1 or 0_2 can be configured by RRC signalling.
· For DG-PUSCH scheduled by DCI format 0_1 or 0_2, indicated waveform only applies for the scheduled PUSCH, and does not apply for subsequent PUSCH transmissions. 
Proposal 3:
· For dynamic waveform switching, DCI size is matched assuming CP-OFDM waveform. 
Proposal 4:
· Dynamic waveform switching enhancement is not applicable to PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI.
Proposal 5:
· Dynamic waveform switching enhancement is not applicable to Type 1 CG-PUSCH.
· Dynamic waveform switching enhancement is not applicable to Type 2 CG-PUSCH including the PUSCH activated by DCI format 0_0 and subsequent PUSCH transmissions. 
· Dynamic waveform switching enhancement is applicable to Type 2 CG-PUSCH including the PUSCH activated by DCI format 0_1 and 0_2 and subsequent PUSCH transmissions. 
· Indicated waveform based on activation DCI is applied for initial and subsequent PUSCH transmissions. 
Proposal 6:
· Dynamic waveform switching enhancement is applicable for Msg3 PUSCH initial transmission and retransmission.
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