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1. [bookmark: _Ref521334010]Introduction
In this contribution, we provide our views on remaining issues on dynamic switching between DFT-S-OFDM and CP-OFDM.
2. Discussion
2.1. Assistant information for switching waveform
In RAN1#113 meeting, the following agreement is 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: Any MAC CE related decision is up to RAN2
· Option 4: No enhancement. 


The latest proposal for PHR enhancement with more detailed Option 1 in FL summary [2] is as follows.
	FL proposal 3-2r5
For potential enhancements to assist the scheduler in determining waveform switching, RAN1 to select one from the following options:
· Option 1: Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH. 
· 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.
· FFS: If actual PUSCH transmission is not scheduled by a DCI with DWS field, 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 with same 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 includes the following:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· Power headroom information for assumed PUSCH is supported at least if multiplePHR=False and twoPHRmode is not enabled. FFS: other cases.
· For a serving cell with power headroom information of assumed PUSCH to be reported, support only one of alternatives below:
· Alt 1: Power headroom information for assumed PUSCH and legacy Type 1 PH are reported together.
· Alt 2: Only power headroom information for assumed PUSCH is reported.
· RAN1 assumes the following RAN2 impacts and design aspects to be decided by RAN2:
· Trigger/condition for reporting power headroom information for assumed PUSCH.
· Design of MAC CE(s) for the reporting of power headroom information for assumed PUSCH, including whether PCMAX,f,c(i) of assumed PUSCH is reported directly or as difference from PCMAX,f,c(i) of actual PUSCH.
· Whether power headroom information for assumed PUSCH and legacy Type 1 PH are reported together or not.
· Send LS to RAN2 (cc RAN4) if Option 1 is selected.

· Option 4: No enhancement. 


In RAN#100 meeting, proposal 2 in [3] is endorsed.
	· Proposal #2
· RAN provide guidance to RAN1/2 on dynamic waveform switching objective as below
· RAN1 will decide whether to define any PHR enhancement for dynamic waveform switching and to provide the details to RAN2 by August meeting
· RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI


The existing PHR triggering is mainly based on periodic timer and PL change, which is not suitable for dynamic waveform switching. If the periodicity is long, UE cannot trigger PHR when necessary while if the periodicity is short, the overhead of PHR is unnecessarily increased due to PHR of reference PUSCH. PL change may or may not lead to waveform change and waveform is not only changed when there is large PL change. So PL change based PHR triggering is also not suitable for dynamic waveform switching. Based on the above analysis, we have the following observation.
Observation: The existing PHR triggering procedure is not suitable for dynamic waveform switching. 
For timely PHR report and minimizing PHR overhead, it is proposed that PHR for assumed PUSCH is only reported in the following cases:
1) If the waveform of actual PUSCH is CP-OFDM, PHR for assumed PUSCH is reported in case PH for actual PUSCH<0 and PH for assumed PUSCH>0; 
2) If the waveform of actual PUSCH is DFT-S-OFDM, PHR for assumed PUSCH is reported in case PH for actual PUSCH is higher than a threshold and PH for assumed PUSCH>0.
[bookmark: _GoBack]For Case 1, the intention is to report PH for assumed PH only when the power is not sufficient for the current waveform, i.e. CP-OFDM and there is power headroom for DFT-S-OFDM. For Case 2, the intention is to report PH for assumed PH only when there is power headroom for both current waveform, i.e. DFT-S-OFDM and assumed waveform, i.e. CP-OFDM and there is sufficient gap between the two PHs.
Based on previous discussions, there are two alternatives for reporting PH for assumed PUSCH:
· Alt 1: Power headroom information for assumed PUSCH and legacy Type 1 PH are reported together.
· Alt 2: Only power headroom information for assumed PUSCH is reported.
In our view, Alt 1 should be adopted to provide PH for both waveforms to gNB to facilitate gNB to decide the appropriate waveform. For Alt 2, it is not clear how such PHR would be beneficial since the motivation for PHR enhancement is that gNB cannot derive PH for one waveform from the PH for the other waveform.
In addition, in previous discussions, it was proposed that 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. However, it is not clear which parameters are included. At least the following cases need to be discussed:
· Actual PUSCH is the PUSCH transmission during random access
· Actual PUSCH is the CG PUSCH
· Actual PUSCH uses RA type 0 and/or non-contiguous FDRA
· Actual PUSCH uses pi/2 QPSK
For the first two bullets, it needs to be taken into account that the parameters for PH calculation for PUSCH transmissions during random access/CG PUSCH and DG PUSCH are different. For the third bullet, it needs to be considered that RA type 0 and/or non-contiguous FDRA are not applicable to DFT-S-OFDM. For the last bullet, pi/2 QPSK is not applicable to CP-OFDM and would impact MPR and/or PH calculation.
Based on the above discussions, it is our view that to make PHR enhancement for DWS useful and efficient, new PHR triggering procedure needs to be introduced and many details need to be further discussed. We have the following proposals.
Proposal 1: PHR enhancement for dynamic waveform switching should not be introduced unless new PHR triggering procedure is introduced, which enable timely PHR report when waveform may need to be switched and meanwhile the PHR overhead should be minimized. 
Proposal 2: If PH for assumed PUSCH is introduced, it is only reported in the following cases.
1) If the waveform of actual PUSCH is CP-OFDM, PHR for assumed PUSCH is reported in case PH for actual PUSCH<0 and PH for assumed PUSCH>0; 
2) If the waveform of actual PUSCH is DFT-S-OFDM, PHR for assumed PUSCH is reported in case PH for actual PUSCH is higher than a threshold and PH for assumed PUSCH>0.
Proposal 3: If PH for assumed PUSCH is reported, power headroom information for assumed PUSCH and legacy Type 1 PH are reported together.
Proposal 4: If power headroom information for assumed PUSCH is not computed or reported in case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), at least the following cases need to be discussed:
· Actual PUSCH is the PUSCH transmission during random access
· Actual PUSCH is the CG PUSCH
· Actual PUSCH uses RA type 0 and/or non-contiguous FDRA
· Actual PUSCH uses pi/2 QPSK
2.2. Applicability to PUSCH transmissions during random access
It was agreed that dynamic waveform switching is applicable to PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1 and is not applicable to Type 1 CG PUSCH, Type 2 CG PUSCH and PUSCH scheduled by C-RNTI with DCI format 0_0.
The remaining issue is whether dynamic waveform switching is applicable for initial transmission and retransmissions of PUSCH during random access, including PUSCH scheduled by RAR UL grant, PUSCH scheduled by fallbackRAR UL grant, PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI and MsgA PUSCH. The motivation and benefit of dynamic switching between DFT-S-OFDM and CP-OFDM are not clear. In order to differentiate UEs supporting dynamic UL waveform switching from legacy UEs, additional PRACH/preamble resource partitioning would be required which is not desirable. In addition, there would be significant specification impact on RAR UL grant, fallbackRAR UL grant and DCI format 0_0 design. It is therefore proposed that dynamic switching between DFT-S-OFDM and CP-OFDM is not applicable to PUSCH transmissions during random access.
Proposal 5: Dynamic switching between DFT-S-OFDM and CP-OFDM is not applicable to:
· PUSCH scheduled by RAR UL grant
· PUSCH scheduled by fallback RAR UL grant
· MsgA PUSCH
· PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI
2.3. Handling of DMRS type/FDRA type
The following agreements were made in RAN1#112bis-e on handling of FDRA type and DMRS type.
	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.



RA type 1 is applicable to both CP-OFDM and DFT-S-OFDM while RA type 0 is applicable to CP-OFDM only but not applicable to DFT-S-OFDM. 
For Option 2, RA type 0 is applied to CP-OFDM and RA type 1 is applied to DFT-S-OFDM when resourceAllocation set to resourceAllocationType0. It can be achieved by setting resourceAllocation to dynamicSwitch for Option 1. In this case, Option 2 saves 1 bit but is less flexible since RA type 1 is not applicable for CP-OFDM. For simplicity, Option 1 is preferred.
Proposal 6: For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured, Option 1 is adopted.
· 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. 

DMRS type 1 is applicable to both CP-OFDM and DFT-S-OFDM while DMRS type 2 is applicable to CP-OFDM only but not applicable to DFT-S-OFDM. Similar as for RA type, for simplicity, Option 1 is preferred.
Proposal 7: For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, Option 1 is adopted.
· Option 1 (configuration restriction with error case handling):
· UE does not expect dmrs-Type to be set to type2.
3. Conclusions
In this contribution, we discussed dynamic switching between DFT-S-OFDM and CP-OFDM with the following observation and proposals.
Observation: The existing PHR triggering procedure is not suitable for dynamic waveform switching. 
Proposal 1: PHR enhancement for dynamic waveform switching should not be introduced unless new PHR triggering procedure is introduced, which enable timely PHR report when waveform may need to be switched and meanwhile the PHR overhead should be minimized. 
Proposal 2: If PH for assumed PUSCH is introduced, it is only reported in the following cases.
3) If the waveform of actual PUSCH is CP-OFDM, PHR for assumed PUSCH is reported in case PH for actual PUSCH<0 and PH for assumed PUSCH>0; 
4) If the waveform of actual PUSCH is DFT-S-OFDM, PHR for assumed PUSCH is reported in case PH for actual PUSCH is higher than a threshold and PH for assumed PUSCH>0.
Proposal 3: If PH for assumed PUSCH is reported, power headroom information for assumed PUSCH and legacy Type 1 PH are reported together.
Proposal 4: If power headroom information for assumed PUSCH is not computed or reported in case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), at least the following cases need to be discussed:
· Actual PUSCH is the PUSCH transmission during random access
· Actual PUSCH is the CG PUSCH
· Actual PUSCH uses RA type 0 and/or non-contiguous FDRA
· Actual PUSCH uses pi/2 QPSK
Proposal 5: Dynamic switching between DFT-S-OFDM and CP-OFDM is not applicable to:
· PUSCH scheduled by RAR UL grant
· PUSCH scheduled by fallback RAR UL grant
· MsgA PUSCH
· PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI
Proposal 6: For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured, Option 1 is adopted.
· 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. 
Proposal 7: For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, Option 1 is adopted.
· Option 1 (configuration restriction with error case handling):
· UE does not expect dmrs-Type to be set to type2.
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