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1 Introduction
[bookmark: _Hlk22834419]In RAN#96 a Rel-18 WID on Further NR coverage enhancements [1] was approved. One objective is to specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1).
In RAN1#111 [2], the following agreements were reached:
	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

[bookmark: _GoBack]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


This contribution discusses potential enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM.
2 Discussion
Dynamic waveform indication
In current specifications, the transmission scheme is configured by the network and a reconfiguration is needed to change between CP-OFDM and DFT-S-OFDM. RRC adds some latency which can be beneficial to avoid especially when switching over to DFT-S-OFDM for cell-edge UEs. Thus, support of DCI-based switching between DFT-S-OFDM and CP-OFDM for UL transmissions is considered in Rel-18. DCI-based waveform switching is a simple feature and an explicit indication by 1-bit is straightforward. 
Indication of the waveform, either DFT-S-OFDM or CP-OFDM, is a more robust solution than an indication to switch waveform because there would be no issue of error propagation in case the UE misses a DCI format. The addition of 1 bit to indicate the waveform in a DCI format changes the size of the DCI format and some fields of the DCI format have variable sizes depending on the indication of DFT-S-OFDM or CP-OFDM. For the size alignment between UL DCI and DL DCI, we don’t think there is a need to change the current procedure. Thus, we propose to confirm the WA from RAN1#111, including the note.
Proposal 1: Confirm the WA:
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


DCI size alignment 
As discussed during RAN1#111, the sizes of DCI format 0_1 or DCI format 0_2 fields that change depending on whether DFT-S-OFDM or CP-OFDM waveform is indicated, can be set to the largest size between the two, and either the MSB(s) or the LSB(s) of a field are not used in case the waveform that requires fewer bits for that field is indicated. There are other fields in the existing DCI formats that have variable sizes, thus the variable size of a field due to the indicated waveform should not create other issues.
Proposal 2: The size of the DCI format that includes 1 bit for the indication of the waveform is aligned with the largest DCI format size used for DFT-S-OFDM or CP-OFDM. 


Applicability of dynamic waveform switching 
When the indication of dynamic waveform switching is included in a scheduling DCI format, RAN1 discussed whether the indication applies also to subsequent transmissions after the scheduled transmission. The dynamic indication is introduced in addition to a configuration of the waveform and would be used by the gNB to adapt the waveform to the dynamically changing channel conditions. Thus, it should apply to the scheduled transmission only. 
For CG-PUSCH, additional parameters likely need to change when a waveform change is needed (e.g. the MCS or the resource allocation) and there is no benefit extending waveform indication for a DG-PUSCH also to CG-PUSCH. 
Also, as PUSCH scheduling by DCI format 0_0 is infrequently used (e.g. during RRC reconfigurations), the waveform can be determined based on Rel-17. Therefore, the agreements from RAN1#110bis-e for using DCI format 0_1 or 0_2 for the waveform indication seem to be sufficient.
Proposal 3: A dynamic waveform switching indication applies to the scheduled PUSCH transmission and PUSCH transmission with repetitions, if any.
Proposal 4: Indication of dynamic waveform switching for CG-PUSCH is not supported.
Proposal 5: Indication of dynamic waveform switching by DCI format 0_0 is not supported.


Applicability of dynamic waveform switching to Msg3 PUSCH 
For Msg3 PUSCH, the need for a dynamic waveform switching is questionable because the gNB may not be aware of UE experiencing different channel conditions and of changes to its operating SINR. In addition, there is the difficulty that the UE capability of supporting dynamic waveform switching for Msg3 PUSCH is not known to gNB before UE is in connected mode, and designing the system to ensure that the gNB knows the UE capability during initial access would require an additional partition of PRACH resources and a large specification impact, which are both not desirable for the simple feature of dynamic waveform switching. 
Proposal 6: Indication of dynamic waveform switching for Msg3 PUSCH is not supported.   


Potential enhancements to assist the scheduler in determining waveform switching
In current specifications the UE determines the power headroom report (PHR) for an activated serving cell based on a PUSCH transmission that uses the configured waveform. For a PHR to be more useful to a gNB that can dynamically indicate the waveform for a scheduled PUSCH transmission, the PHR should be calculated based on the scheduled PUSCH transmission with the corresponding waveform and with the other waveform. Such information of power headroom available at the UE for the two waveforms can help the gNB to determine whether to dynamically indicate waveform switching. Further optimization of the PHR calculation discussed in RAN1#111 seems not necessary and would have large spec impact considering that waveform switching is a simple feature.  
Proposal 7: Support power headroom reporting for both CP-OFDM and DFT-S-OFDM. 

To further enhance performance and take advantage of the dynamic switching of the transmission scheme for PUSCH, a UE may request to switch between DFT-S-OFDM and CP-OFDM. This can avoid the latency associated with reports for RSRP measurements and restrictions to conditions defined in Rel-17 and make DCI-based waveform switching more meaningful in practice. Based on the UE request, the network may indicate to the UE to switch waveform.
Proposal 8: Further discuss mechanisms for the UE to request switching between DFT-S-OFDM and CP-OFDM.   
3 Conclusion
This contribution discusses potential enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM. The proposals made in this contribution are summarized as below:
Proposal 1: Confirm the WA:
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 2: The size of the DCI format that includes 1 bit for the indication of the waveform is aligned with the largest DCI format size used for DFT-S-OFDM or CP-OFDM. 
Proposal 3: A dynamic waveform switching indication applies to the scheduled PUSCH transmission and PUSCH transmission with repetitions, if any.
Proposal 4: Indication of dynamic waveform switching by DCI format 0_0 is not supported.
Proposal 5: Indication of dynamic waveform switching for CG-PUSCH is not supported.
Proposal 6: Indication of dynamic waveform switching for Msg3 PUSCH is not supported.   
Proposal 7: Support power headroom reporting for both CP-OFDM and DFT-S-OFDM.  
Proposal 8: Further discuss mechanisms for the UE to request switching between DFT-S-OFDM and CP-OFDM.   
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