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Introduction
In the RAN1#112bis 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 transmission 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.

1- bit field have been agreed for dynamic waveform switching indication, but how to map “0” and “1” values of the DWS indication field to the waveform still need discussion. In legacy spec, RRC parameter transformPrecoder uses ‘enable’ and ‘disable’ to indicate the DFT-S-OFDM and CP-OFDM. Same understanding of the DWS field should be reused to reduce possible ambiguity.

Proposal 2:
The mapping for 1-bit field and waveform in DWS should reuse the mapping rule for transformPrecoder, i.e., ‘0’ stands for CP-OFDM and ‘1’ stands for DFT-S-OFDM.

Another solution for mapping DWS bit field is bit flipping. According to the TS 38.321, if the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process, this DCI indicates a new data, other wise it indicates a re-transmission. It is possible if we use bit field change to indicate CP-OFDM and bit field not change to indicate DFT-S-OFDM, but this mechanism may have some issue in some cases. For example, if UE misdetect a DCI which includes DWS bit field, then it may use the wrong waveform in the next transmission.





Fig 1. Error case when DCI misdetection happened
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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 3:
Support Op-1. Configuration or indication of FDRA type to Type 0 is error case if DWS applied.

Similar issue also need 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 4:
Support Op-1. Configuration or indication of DMRS type to Type2 is error case if DWS applied.

About the RRC configuration, whether separate or common configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2 also need to be discussed.
	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.



In legacy spec, transform precoder is configured via RRC signaling like transformPrecoder. For DCI format 0_0, msg3-transformPrecoder is applied, so having separate configuration for the transformPrecoding parameter for different DCI format seems not a big deal. The benefit for separate the configuration is the lower payload for DCI format 0_2. The intention of introducing DCI 0_2 is improving the robustness for URLLC scenario. In this case, any potential operation causing DCI payload increased should be carefully avoided. By separating the configuration for DWS, gNB could have opportunity to enable the DWS only in the DCI format 0_1, which have not influence for other DCI format. Since UE already have the capability for changing waveforms between two PUSCHs scheduled by two DCIs, it should also works fine when changing waveforms between two PUSCHs scheduled by two different format of DCIs.

Proposal 5:
Support Op-1. The dynamic waveform switching field should be separate configured for DCI format 0_1 and DCI format 0_2.

In the last meeting, assistive message for dynamic waveform switching was discussed, and the following agreement was made.
	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.



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. To solve this problem, two options could be considered. The first option is reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH. The second option is adding a event triggered PHR, e.g. , after the waveform switching, UE reports its PHR instead of waiting until any of the legacy events occur. From our point of view, two options have benefit for gNB scheduling. The first option may need some higher layer work for modifying the PHR MAC CE. The second option may trigger too many times of power headroom report if the gNB indicates UE to change the waveform back and forth. 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. 

Proposal 6:
Both option1 and option2 could be further discussed. Some limitation may need in option2 to avoid too frequent reporting.

If the DCI size alignment issue is apply, 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 suppose 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 7:
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.

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

Proposal 2:
The mapping for 1-bit field and waveform in DWS should reuse the mapping rule for transformPrecoder, i.e., ‘0’ stands for CP-OFDM and ‘1’ stands for DFT-S-OFDM.

Proposal 3:
Support Op-1. Configuration or indication of FDRA type to Type 0 is error case if DWS applied.

Proposal 4:
Support Op-1. Configuration or indication of DMRS type to Type2 is error case if DWS applied.

Proposal 5:
Support Op-1. The dynamic waveform switching field should be separate configured for DCI format 0_1 and DCI format 0_2.

Proposal 6:
Both option1 and option2 could be further discussed. Some limitation may need in option2 to avoid too frequent reporting.

Proposal 7:
Study potential enhancement to enable UE fallback from DWS to legacy DCI.
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