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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 “Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)”.
This contribution discusses remaining issues to support dynamic switching between DFT-S-OFDM and CP-OFDM.
2 Discussion
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/or changes to its operating SINR. From a coverage perspective, the gNB would configure DFT-S-OFDM as the waveform for Msg3 PUSCH for robustness, and a mechanism to switch to CP-OFDM seems not useful.  Some companies suggested that this feature can be useful when CP-OFDM is configured and Msg3 PUSCH transmission fails even if Msg3 repetitions are used. But for a UE in need of Msg3 repetitions, the gNB would not configure CP-OFDM if Msg3 is scheduled with repetitions. 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. Thus, introducing dynamic waveform switching for Msg3 PUSCH seems not to be needed. 
Proposal 1: Indication of dynamic waveform switching for Msg3 PUSCH is not supported.   


Handling of FDRA type/DMRS type
When dynamic waveform switching is applied, some configurations for FDRA type and DM-RS type are not correct because not all configurations are supported by both waveforms, e.g., FDRA type 0 and DMRS type 2 are not supported for DFT-S-OFDM. 
In RAN1#112bis-e the following agreements were achieved. 
	Agreement
For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured, downselect between following options:
· Option 1 (configuration restriction with error case handling):
· UE does not expect resourceAllocation set to resourceAllocationType0.
· If DFT-S-OFDM is indicated and resourceAllocation set to dynamicSwitch, UE does not expect MSB of FDRA field set to 0. 

· Option 2 (UE only uses resourceAllocation if CP-OFDM is indicated):
· If DFT-S-OFDM is indicated, UE applies type 1 resource allocation.
· If CP-OFDM is indicated, UE applies resource allocation according to resourceAllocation IE.
· Size of FDRA field is aligned between size for type 1 resource allocation and size according to resourceAllocation IE.

Agreement
For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, downselect between following options:
· Option 1 (configuration restriction with error case handling):
· UE does not expect dmrs-Type to be set to type2.

· Option 2 (UE only uses dmrs-Type if CP-OFDM is indicated):
· If DFT-S-OFDM is indicated, UE applies DMRS type 1.
· If CP-OFDM is indicated, UE applies DMRS type according to dmrs-Type.



For configurations set according to the configured waveform and not applicable to the waveform indicated dynamically, the UE would interpret the configuration as if set to the supported type. For the case that CP-OFDM is configured and DFT-S-OFDM is indicated, if resourceAllocation is set to resourceAllocationType0, UE assumes resourceAllocationType1, and if dmrs-Type is set to type2, UE assumes type1. For the case that DFT-S-OFDM is configured and CP-OFDM is indicated, there is no issue. 
Proposal 2: When CP-OFDM is configured and DFT-S-OFDM is indicated, 
· if resourceAllocation is set to resourceAllocationType0, UE assumes resourceAllocationType1, and 
· if dmrs-Type is set to type2, UE assumes type1.   


Configuration
In RAN1#112bis-e it was discussed whether to have separate or common configuration for DCI formats 0_1 and 0_2 including the dynamic waveform switching field. This is a minor issue. Option 1 may be a more straightforward option.
	Agreement
For configuration of 1-bit dynamic waveform switching indication in DCI format 0_1/0_2 per a carrier, downselect between following options:
· Option 1: Separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.
· Option 2: Common configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.



Proposal 3: Option 1: Separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.

Whether the DCI format scheduling the PUSCH transmission includes a field for the dynamic waveform indication depends on a configuration. For example, an RRC parameter for transform precoder can be set to {enabled, disabled, dynamic}, and the field dynamic can also indicate “DFT-S-OFDM” or “CP-OFDM”.
Proposal 4: Whether the dynamic indication field is present in a DCI format is configured by a higher layer parameter, e.g., transformPrecoder can indicate the configured waveform and whether the waveform is dynamically indicated.


Assistance information for switching waveform
A UE determines the power headroom report (PHR) for an activated serving cell based on a reference PUSCH transmission that uses the configured waveform. It was suggested that for a PHR to be more useful to a gNB, the PHR could provide information corresponding to the actual waveform and to the other candidate waveform (e.g., UE can provide PHR values for both waveforms, or PHR value for one waveform and the difference between the two PHR values). For the calculation of the PHR, either the scheduled PUSCH transmission or a reference PUSCH transmission can be used. In addition, other enhancements for the triggering of the PHR and for the UE to request to switch waveform were also discussed, and the following was agreed in RAN1#112bis-e.  
	Agreement
For potential enhancements to assist the scheduler in determining waveform switching, RAN1 to select 1 from the following options:
· Option 1: Reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH.
· Details FFS.
· Note: reporting PH information for both waveforms is not precluded.
· Note: additional trigger for PH for reference PUSCH is not precluded.
· Option 2: New trigger of power headroom report based on waveform switching event.
· Details FFS.
· Option 3: Both Option 1 and Option 2.
· Details FFS.
· Option 4: No enhancement.



A benefit on system/UE throughput from a gNB having a PHR for a candidate waveform prior to switching, versus the gNB assuming a baseline MPR difference for the two waveforms and obtaining, if needed, a PHR at a later time is not clear. Further, such enhancements would have a large impact to the specifications (also for RAN2 specifications) and this seems not justified for a simple feature as dynamic waveform switching. Moreover, the WID objective does not require to introduce enhancements for the PHR as such enhancements are not relevant to dynamic waveform switching and could be as applicable to RRC-based waveform switching. 
Proposal 5: Enhancements to mechanisms for PH report and triggering are not supported in Rel-18. 


UCI multiplexing
DFT-S-OFDM is used for coverage limited scenario while CP-OFDM is used in good coverage scenario. If a PUCCH transmission overlaps with two PUSCHs with different waveforms, the UE would multiplex the UCI in the PUSCH with DFT-S-OFDM. The reliability of the UCI could be worse compared with the case where the UE multiplexes the UCI in the PUSCH with CP-OFDM. A similar scenario exists in legacy, where the waveform is semi-static configured and a serving cell with good coverage can be configured with a smaller priority index compared with a serving cell with poor coverage. Since we are targeting the scenario with channel conditions that can dynamically change for the serving cell, reusing legacy rules for UCI multiplexing may not ensure the reliability of the UCI when multiplexing in a PUSCH. Hence, it is necessary to consider the enhancement for UCI multiplexing in case the PUCCH overlaps with multiple PUSCHs with different waveforms. A simple solution could be prioritizing the PUSCH with CP-OFDM waveform for PUSCH determination.
Proposal 6: Prioritize PUSCHs with CP-OFDM for PUSCH determination of UCI multiplexing when a PUCCH overlaps with multiple PUSCHs with different waveforms.

Another issue is determining the number of REs for UCI when multiplexing the UCI in a PUSCH. If legacy is reused, alpha and beta offset values should ensure the reliability of UCI in the worst case, for example, PUSCH with DFT-S-OFDM waveform. If the UCI is multiplexed in a PUSCH with CP-OFDM waveform, and the same alpha and beta offset values apply, the resource could be over allocated for the UCI, as a result of SE degradation. To avoid such situation, separate alpha and beta offset values can be used for different waveforms similar as the case in Rel-16/17 URLLC where different alpha and beta offset values are used for different priorities.
Proposal 7: Separate beta offset and alpha values are used for UCI multiplexing in a PUSCH with different waveforms.
3 Conclusion
This contribution discusses potential enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM. The proposals and observations made in this contribution are summarized as below:
Proposal 1: Indication of dynamic waveform switching for Msg3 PUSCH is not supported.   
Proposal 2: When CP-OFDM is configured and DFT-S-OFDM is indicated, 
· if resourceAllocation is set to resourceAllocationType0, UE assumes resourceAllocationType1, and 
· if dmrs-Type is set to type2, UE assumes type1.   
Proposal 3: Option 1: Separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.
Proposal 4: Whether the dynamic indication field is present in a DCI format is configured by a higher layer parameter, e.g., transformPrecoder can indicate the configured waveform and whether the waveform is dynamically indicated.
Proposal 5: Enhancements to mechanisms for PH report and triggering are not supported in Rel-18.
Proposal 6: Prioritize PUSCHs with CP-OFDM for PUSCH determination of UCI multiplexing when a PUCCH overlaps with multiple PUSCHs with different waveforms.
Proposal 7: Separate beta offset and alpha values are used for UCI multiplexing in a PUSCH with different waveforms.
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