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[bookmark: _Toc415085486][bookmark: _Toc503902285]1	Introduction
3GPP Work Item Description [1] provides a potential target in R18. The objective of this work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1). 
In the RAN1 #112bis meeting, there were some agreements below. 

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 paper, we discuss the unresolved problems above, including the potential enhancements to assist the scheduler in determining waveform switching, handling of FDRA type/DMRS type and so on.
2	Dynamic switching between DFT-S-OFDM and CP-OFDM
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.
· [bookmark: OLE_LINK6]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.

[bookmark: OLE_LINK12]As we all know, DFT-S-OFDM waveform only can use frequency domain resource allocation type 1 and DMRS type 1. Based on this, when dynamic switching between DFT-S-OFDM and CP-OFDM waveform enables, the above discussions have been given.
For frequency domain resource allocation, parameter resourceAllocation is configured by gNB which includes resourceAllocationType0, resourceAllocationType1, dynamicSwitch. Because the DFT-S-OFDM waveform can not use resource allocation type 1, when enabling dynamic switching, gNB shouldn’t configure resourceAllocationType0. And if DFT-S-OFDM is indicated and resourceAllocation set to dynamicSwitch, gNB shouldn’t use resource allocation type 1. We think gNB to avoid error cases is natural, so option 1 is supported for handling FDRA type. Besides, option 2 needs additional effort, e. g. size of FDRA field needs to be aligned. 
Similarly, option 1 is supported for DMRS type. When enabling dynamic switching, gNB shouldn’t configure DMRS type 2. 
Propose 1: Option 1 should be supported for handling of FDRA type/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.

[bookmark: OLE_LINK14]We think DCI format is dependent and if DCI format 0_1 and DCI format 0_2 both can indicate dynamic switching, separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2 is natural. So option 1 should be supported for dynamic switching indication in DCI format 0_1/0_2. 
Propose 2: option 1 should be supported for dynamic switching indication in DCI format 0_1/0_2.

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.

CP-OFDM waveform is more suitable for cell center users and DFT-S-OFDM waveform is more suitable for cell edge users, and we think gNB has capacity to differentiate cell center and cell edge users, for example, SRS/PUSCH SINR or RSRP, so it is not necessary to report PHR of target waveform. In addition, it needs to define new PHR format and include CA PHR format which has a relatively big effort.
gNB may not estimate PHR of the target waveform accurately after switching UL waveform, so if reporting PHR of target waveform after switching UL waveform, it will help the network to allocate RB and MCS. Option 2 is preferred for potential enhancement to assist scheduler in determining waveform switching.  
[bookmark: OLE_LINK2]Propose 3: Option 2 is preferred for potential enhancement to assist scheduler in determining waveform switching. 


3	Conclusions
Propose 1: Option 1 should be supported for handling of FDRA type/DMRS type.
Propose 2: option 1 should be supported for dynamic switching indication in DCI format 0_1/0_2.
Propose 3: Option 2 is preferred for potential enhancement to assist scheduler in determining waveform switching. 
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