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Introduction
In the RAN1#114 meeting, the enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM were discussed. And several agreements have been achieved [1]. The agreements are listed in the corresponding sections.
In this contribution, we provide our views on the dynamic switching between DFT-S-OFDM and CP-OFDM.

Discussion
The main issue should be solved under this scope is to specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM. In legacy spec, transform precoder is configured via RRC signaling like transformPrecoder or msg3-transformPrecoder. For DCI format 0_0, msg3-transformPrecoder is applied, and it is also applied to the DCI format 0_1 and 0_2 if the transformPrecoder is absent.
In the last meeting, indication mechanism for dynamic waveform switching was discussed, and the following agreement was made.
	Conclusion
For PUSCH transmission scheduled by C-RNTI with DCI format 0_0, UE considers transform precoding enabled or disabled according to msg3-transformPrecoder as in legacy.



Msg3 is one of the UL transmissions in RACH procedure. The initial transmission is scheduled by the RAR UL grant in Msg2, and the re-transmission is scheduled by DCI format 0_0 scrambled by TC-RNTI. For legacy network, the waveform for Msg3 is indicated by the RRC parameter msg3-transformPrecoder. Since this is the very early of the UE access to the network, gNB have little information about the UE situation, changing waveform is not very reasonable. Introduce indication in RAR and DCI format 0_0 also have some difficulty, especially the DCI 0_0, which we proposed not to support DWS in the above section. We therefore propose not to support DWS for Msg3 in Rel-18.

Proposal 1:
Dynamic waveform switching in Rel-18 is not applicable to msg3 PUSCH.

Another issue needs to discuss is the options for handling of FDRA type configuration when dynamic waveform switching is configured, and the following agreement was made in the last meeting.
	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.



From our understanding, to activate the dynamic waveform switching, RRC signalling is needed. gNB should have clear understanding about the collision between FDRA and DWS, so it should have opportunity to change the FDRA configuration and activate DWS at the same time. Alt-1 seems workable.

Proposal 2:
Support Op-1. Configuration or indication of FDRA type to Type 0 is error case if DWS applied.

Similar issue also needs to be discussed for the type of the DMRS, considering that DMRS type 2 is not supported for DFT-S-OFDM. In the last meeting, following agreement was made, and we should make down selection in this meeting.
	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.



From our point of view, this issue should also be solved by gNB configuration. For the option2, it would lead to a case where DWS 1-bit field not only control the waveform but also the DMRS type UE is used, which is not the target scenario what we want to be reached by the DWS mechanism.

Proposal 3:
Support Op-1. Configuration or indication of DMRS type to Type2 is error case if DWS applied.

In the last meeting, assistive message for dynamic waveform switching was discussed, and the following agreement was made.
	Agreement
For reporting of power headroom information for assumed PUSCH using target waveform different from waveform of actual PUSCH, support the following:
· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH contains:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.
· No consensus in RAN1 if the following applies or not: if UE reports legacy PHR in a PUSCH transmission, power headroom information for assumed PUSCH is also reported.
· Note: RAN endorsed the following at RAN#100: “RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI” [RP-231498].



In the legacy spec, power headroom reporting is a periodic event. According to the TS 38.321, a Power Headroom Report (PHR) shall be triggered if the phr-ProhibitTimer expires or has expired and the path loss has changed more than phr-Tx-PowerFactorChange dB, or phr-PeriodicTimer expires. In a typical cell configuration, a UE may report its PHR every 100 subframes. gNB may have no idea about the UE’s power reduction due to the waveform switching. From our point of view, the first option may need some higher layer work for modifying the PHR MAC CE. In some cases, gNB could have some information without any enhancement, e.g., by continuously scheduling two PUSCHs with different waveform and measuring the SNR from the DMRS or something else.
Another issue needs to be discussed is the applicable conditions for calculating the phr using different waveform. In the last meeting, we assumed that all parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH. In case assumed PUSCH transmission is not supported with same parameters as actual PUSCH, power headroom information for assumed PUSCH is not computed or reported. If some of the RRC parameters are configured unsuitable for the target different waveform, reporting of power headroom information for an assumed PUSCH using target waveform would never happen. From the above agreements we can see that the determination of resourceAllocation and dmrs-Type are not decided. If we taken option2, then different waveforms may have different resource allocation method, which cause the phr calculation cannot perform.

Observation 1:
If option2 is taken for FDRA and DMRS, it may have difficulty to calculate the PHR for assumed PUSCH.

If the DCI size alignment issue is applied, after UE enable the dynamic waveform switching, the bit width of the DCI with transform precoding would be enlarged. This would somehow decrease reliability for DCI detection in some extreme coverage limited scenario. For a UE which is supposed to be suffered from a long-term coverage limitation, it should have possibility to fallback to the legacy DCI, which helps better DCI successful detection rate.

Proposal 4:
Study potential enhancement to enable UE fallback from DWS to legacy DCI.

Conclusions
In this contribution, we provide our views on the dynamic switching between DFT-S-OFDM and CP-OFDM. The observations and proposals are as below.

Observation 1:
If option2 is taken for FDRA and DMRS, it may have difficulty to calculate the PHR for assumed PUSCH.

Proposal 1:
Dynamic waveform switching in Rel-18 is not applicable to msg3 PUSCH.

Proposal 2:
Support Op-1. Configuration or indication of FDRA type to Type 0 is error case if DWS applied.

Proposal 3:
Support Op-1. Configuration or indication of DMRS type to Type2 is error case if DWS applied.

Proposal 4:
Study potential enhancement to enable UE fallback from DWS to legacy DCI.
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