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1. [bookmark: _Ref521334010]Introduction
The following agreements were made in RAN1#112bis-e on dynamic switching between DFT-S-OFDM and CP-OFDM.
	Agreement
For DCI format 0_1/0_2 containing dynamic waveform indication, bit width of each field is set to the maximum between the bit width of the field if transform precoding is disabled and the bit width of the field if transform precoding is enabled, if different.
· If, for the waveform indicated in the DCI, the bit width N of a field would be smaller than the bit width of the field set as per the above, UE decodes the field using N least significant bits. If N=0, the UE ignores the field for the indicated waveform.


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.

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.


Agreement
Dynamic waveform switching is configured separately for each BWP, within PUSCH-Config.

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 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.

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 this contribution, we provide our views on remaining issues on dynamic switching between DFT-S-OFDM and CP-OFDM based on above agreements.
2. Discussion
Applicability of dynamic waveform switching
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 1: 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

Configuration of DMRS type for different waveforms
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. 
Two options were agreed for down selection for PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured.
· 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.

We do not have a strong preference between the two options since both options are feasible. Considering that Option 2 provides better flexibility to allow configuration of DMRS type 2 for CP-OFDM and DMRS type 1 for DFT-s-OFDM, Option 2 is slightly preferred. 
Proposal 2: For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, both Option 1 and Option 2 are acceptable while Option 2 is slightly preferred due to better flexibility.
· 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.

Configuration of RA type for different waveforms
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. 
Two options were agreed for down selection 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 (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.

We do not have a strong preference between the two options since both options are feasible. 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 slightly preferred.
Proposal 3: For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured, both Option 1 and Option 2 are acceptable while Option 1 is slightly preferred for simplicity.
· 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.

Common/separate configuration of presence of dynamic waveform switching field
It was agreed to downselect between separate and common configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2. Separate configuration is preferred which is inline with many other DCI fields for better flexibility.
Proposal 4: For configuration of 1-bit dynamic waveform switching indication in DCI format 0_1/0_2 per a carrier, adopt Option 1.
· 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.

PHR enhancement
For potential enhancements to assist the scheduler in determining waveform switching, it was agreed to downselect 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.
For Option 1, the simplest approach would be to always report PHR for both waveforms. Obviously, the PHR overhead is increased. Further enhancements can be considered to support additional triggering schemes. But it would complicate the design and implementation.
For Option 2, the intention is to report PHR after waveform switching. The spec impact is smaller compared with Option 1. But it cannot be used for gNB to determine waveform switching since PHR is reported after waveform switching. So the benefit is not quite clear.
Among the four options, Option 4 should be the baseline. As discussed in [2], gNB can give back-to-back grants using different waveforms. We think Option 4 is sufficient and any enhancements should be justified. 
Proposal 5: For potential enhancements to assist the scheduler in determining waveform switching, Option 4 is baseline and any enhancements should be justified.
3. Conclusions
In this contribution, we discussed dynamic switching between DFT-S-OFDM and CP-OFDM with the following proposals.
Proposal 1: 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 2: For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, both Option 1 and Option 2 are acceptable while Option 2 is slightly preferred due to better flexibility.
· 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.
Proposal 3: For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured, both Option 1 and Option 2 are acceptable while Option 1 is slightly preferred for simplicity.
· 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.
Proposal 4: For configuration of 1-bit dynamic waveform switching indication in DCI format 0_1/0_2 per a carrier, adopt Option 1.
· 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 5: For potential enhancements to assist the scheduler in determining waveform switching, Option 4 is baseline and any enhancements should be justified.
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