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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
In this contribution, we discuss remaining issues on how to support dynamic waveform switching (DWS) between DFT-s-OFDM and CP-OFDM as approved in [1], including following aspects:
· Signaling of supporting DWS of PUSCH,
· UE assistance information needed for better PUSCH scheduling when DWS is enabled,
· Other relevant issues.
2. Discussions
2.1 Signaling of supporting DWS of PUSCH
In previous RAN1 meetings, following agreements and working assumption have been made on the signaling of dynamic waveform indication. The working assumption is not confirmed and instead the single bit signaling is only agreed for indicating DWS of PUSCH transmissions with single TB.
	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
· For single TB scheduled by single DCI, 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
· For UE configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH), DCI format 0_1 supports 1-bit field for dynamic waveform switching indication.
· When configured, 1-bit field indicates waveform for all scheduled PUSCH transmissions.

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.


One remaining issue is on whether PUSCH transmissions in multiple carriers should be indicated with DWS independently. In our view, for the case when multiple PUSCH transmissions are scheduled on different cells by single DCI, there’s no need to restrict the PUSCH transmissions to have same waveform in different cells as the legacy waveforms for those PUSCH transmissions are already independently configured by RRC. If there’s concern on the overhead of DCI due to one additional bit being required for each serving cell, at least for inter-band serving cells, independent DWS signalings are needed.
Therefore, we have following proposal.
Proposal 1:
· Multiple bits are used to indicate DWS for PUSCH transmissions on different cells (at least for inter-band serving cells) scheduled by single DCI.
Another issue is about whether the presence of DWS bit in DCI format 0_1 and DCI format 0_2 should be configured separately. As is known, in legacy, the waveform of PUSCH scheduled by DCI 0_1 and the waveform of PUSCH scheduled by DCI format 0_1 are the same for one UE, therefore there’s no need to introduce different DWS features for different non-fallback DCI formats scheduling PUSCH transmissions in single carrier.
Proposal 2:
· Apply common configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.
2.3 UE assistance information
In RAN1 #111 meeting and RAN1 #112bis-e meeting, following agreements have been made with respect to the enhancements for assisting the network to schedule proper resources for PUSCH transmissions from UEs enabled with dynamic waveform switching.
	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

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.


As is known, in current NR spec., PHR procedure is used to provide the serving gNB with a Type 1 power headroom, i.e. the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell. 
According to section 7.7.1 of TS 38.213 v17.4.0, this Type 1 power headroom can be based on actual PUSCH transmission, which is calculated according to following formula,
[image: ][dB],
where , , , , ,  and  are defined in clause 7.1.1 of TS 38.213 v17.4.0.
Type 1 power headroom report can also be based on a reference format. In this case the PHR is virtual PHR, and for PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell , it is computed as
	[image: ] [dB]
where  is computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. ΔTC = 0 dB. MPR, A-MPR, P-MPR and ΔTC are defined in TS 38.101-1, TS 38.101-2 and TS 38.101-3.
As can be seen, for actual PHR, it’s based on actual waveform since the  is derived according to the actual waveform dependent power reduction values defined in 38.101. While for virtual PHR, it does not depend on waveform since power reduction related parameters are assumed to be 0 dB for determination of  in the formula. Therefore, when a PHR reported is virtual PHR, there’s no need to report UE assistance information for scheduling PUSCH transmissions using different waveforms.
Observation 1: 
· When a Type 1 PHR reported is virtual PHR, there’s no need to report UE assistance information for scheduling PUSCH transmissions using different waveforms.
One issue is about what kind of UE assistance information UE should report. Since this assistance information is mainly used for the case when dynamic waveform switching is enabled, one simple way is to define it as another new actual power headroom information which is also based on the actual PUSCH transmission but with the waveform different from the waveform assumed for the calculation of legacy actual Type 1 PHR. 
Proposal 3:
· UE assistance information is defined as real power headroom information which is also based on the actual PUSCH transmission but with different waveform from the waveform assumed for the calculation of legacy actual Type 1 PHR. 
Another issue is about the triggering of the assistance information report. As is known, Type 1 power headroom can be triggered based on periodic events and a list of conditions specified in section 5.4.6 of 38.321 v17.3.0. In our view, reusing the same triggering mechanism based on Type 1 PHR should be pursued for triggering UE assistance information report to reduce the workload and spec. impacts of this topic. 
Some additional conditions are needed for reporting UE assistance information as it is only necessary to be supported when dynamic waveform switching is enabled. In addition, considering UE may not update the waveform so frequently in some periods, UE assistance information doesn’t have to be always reported in each PHR reporting period. Therefore, UE power assistance information reporting is only necessary when waveform is changed.  
As an example, UE assistance information can be simply included in the Type 1 PHR MAC-CE for serving cells in which UE reports actual PHR as long as the actual PHR based on actual PUSCH transmission is triggered on condition that UE is indicated to change the waveform for current PUSCH transmission compared to last PUSCH transmission when dynamic waveform switching is enabled.  As is shown in Figure 1, one UE is served by 3 active serving cells. Assuming cell 2 is the PHR reporting CC, when PHR is triggered and waveform of a DG PUSCH in cell 2 is changed as indicated by DCI with UL grant #2, UE power assistance information (e.g. MPR calculated corresponding to the changed waveform) can be transmitted together with legacy PHR. However, for cell 1 and cell 3, UE power assistance information is not reported since the corresponding PHR is virtual due to the UL grant #1 and #3 are later than UL grant #2 in cell 2 according to legacy rules of determining whether a power headroom report for an activated serving cell is based on an actual transmission (real PH) or a reference format (virtual PH). Note that the UE power assistance information reported is not intended for improving resource configuration of currently scheduled PUSCH (transmitting PHR MAC-CE), it’s mainly intended for scheduling of future PUSCH transmissions that would probably use same waveform as the waveform of current PUSCH.
[image: ]
Figure 1. UE power assistance information reporting with legacy PHR trigging mechanism when waveform is changed.
According to above, we have following proposal.
Proposal 4:
· UE assistance information can be included in the entries of MAC-CE for reporting PHR based on actual PUSCH transmissions assuming same triggering mechanism as is used for triggering the actual PHR, on condition that the waveform is changed for current PUSCH transmission compared to last PUSCH transmission when dynamic waveform switching is enabled. 
2.4 Other issues
In RAN1 #112bis-e meeting, following agreements have been made on some other issues related to DWS, including per BWP DWS, waveform for different FDRA types and wavefom for different DMRS types.
	Agreement
· Dynamic waveform switching is configured separately for each BWP, within PUSCH-Config.
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.


It can be seen from the agreements that DWS will be supported per BWP, which means in some BWP the DWS is supported while in some BWP DWS may be not supported. Therefore, When BWP change is indicated by DCI, the waveform changing may be not expected. 
In legacy, waveform is also per BWP configured in PUSCH-Config. When BWP change is indicated by DCI, the RRC waveform in the target BWP may be already different from that configured in source BWP. In addition, it is not clear by the network on whether the RRC configured waveform in target BWP should be changed or not since it’s a first transmission in the target BWP. Therefore, we propose to not have waveform dynamically changed when BWP is changed.
Proposal 5:
· RRC configured waveform of target BWP should be applied for PUSCH transmission scheduled by DCI indicating BWP change, even if dynamic waveform switching is supported in the target BWP.
Regarding the FDRA type and DMRS type, since in legacy FDRA type 0 and DMRS type 2 are not expected to be configured for DFT-s-OFDM, UE should not be expected to be configured with them at the same time. In addition to FDRA type and DMRS type, modulation type has similar issue since Pi/2 BPSK modulation is only supported for DFT-s-OFDM. To make it clear, such UE behaviors should be explicitly specified and we have following proposal.
Proposal 6:
· Specify that UE is not expected to be indicated to dynamically switch to DFT-s-OFDM when FDRA type 0 or DMRS type 2 are configured or to CP-OFDM when Pi/2 BPSK modulation is applied.
3. Conclusion
In this contribution, we discuss issues of supporting dynamic waveform switching between DFT-s-OFDM and CP-OFDM waveform, and have following  observations and proposals: 
Observations 1: 
· When a Type 1 PHR reported is virtual PHR, there’s no need to report UE assistance information for scheduling PUSCH transmissions using different waveforms.
Proposals 1 to 6:
· [bookmark: _GoBack]Multiple bits are used to indicate DWS for PUSCH transmissions on different cells (at least for inter-band serving cells) scheduled by single DCI.
· Apply common configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.
· UE assistance information is defined as real power headroom information which is also based on the actual PUSCH transmission but with different waveform from the waveform assumed for the calculation of legacy actual Type 1 PHR. 
· UE assistance information can be included in the entries of MAC-CE for reporting PHR based on actual PUSCH transmissions assuming same triggering mechanism as is used for triggering the actual PHR, on condition that the waveform is changed for current PUSCH transmission compared to last PUSCH transmission when dynamic waveform switching is enabled. 
· RRC configured waveform of target BWP should be applied for PUSCH transmission scheduled by DCI indicating BWP change, even if dynamic waveform switching is supported in the target BWP.
· Specify that UE is not expected to be indicated to dynamically switch to DFT-s-OFDM when FDRA type 0 or DMRS type 2 are configured or to CP-OFDM when Pi/2 BPSK modulation is applied.
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