Page 1
3GPP TSG RAN WG1 #113			R1-2305273
Incheon, Korea, May 22nd – May 26th, 2023

[bookmark: Source]Agenda item:	9.12.3
Source:	Apple Inc.
Title:	Discussion on dynamic switching between DFT-S-OFDM and CP-OFDM
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
A new Rel-18 WI on further coverage enhancement [1] was approved in RAN#94e. one of the objectivce of this WI is to improve PRACH coverage.
· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)
In the RAN1#112 bis meeting, the following agreements were made on PRACH coverage enhancements [2].
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 discuss the aspect of dynamic waveform switching and give our proposals.
Discussion on dynamic waveform switching
For dynamic waveform switching configuration for DCI format 0_1 and DCI format 0_2, two options were discussed in the last RAN1 meeting, i.e., separately configured or commonly configured. In legacy design, the waveform switching between DFT-S-OFDM and CP-OFDM is configured by RRC parameter transformPrecoder in pusch-Config, the waveform configuration is applied to all UL DCI formats. For dynamic waveform switching, the same logic could be applied. If a UE has coverage issue, it’s not depending on which DCI format is applied. 
	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.


Proposal 1: Common configuration of the presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.
Regarding the FDRA resource allocation type 0 handling with dynamic waveform switching, two options were discussed.
	Agreement s
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.


As the feature dynamic waveform switching is configured by RRC parameter within PUSCH-Config. Once it is enabled, gNB will reconfigure the relevant parameters, including the parameter resourceAllocation, this field should be configured with resourceAllocationTyp1 to applied to both waveforms. Otherwise, if it is configured with resourceAllocationType0 or dynamicSwitch, it could cause the error for DFT-s-OFDM. Basically, it’s network configuration restriction for supporting dynamic waveform switching. With Option 2, it means the resourceAllocation field is disabled if DFT-s-OFDM is indicated or UE corrects the network configuration error. Comparing two options, Option is preferred.
Proposal 2: For resourceAllocation field configuration, 
· 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
	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.


Regarding another field dmrs-Type configuration, down-selection will be performed between two options. For DMRS type 1, one DMRS symbol supports four antenna ports and each antenna port occupies 3REs. For DMRS type 2, one DMRS symbol supports six antenna port and each antenna port occupies 2REs. So DMRS type 2 could provide throughput improvement for UE in good SNR region with UL MIMO. DMRS type 1 could improve the PUSCH decoding performance for cell edge UEs with DFT-s-OFDM waveform. This is quite aligned with the intention of dynamic waveform switching, applying DFT-s-OFDM to improve coverage and CP-OFDM to boost the throughput. Following this logic, Option 2 is preferred.
Proposal 3: For dmrs-Type configuration,  
· 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 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.


Regarding the four options of the assistance information for waveform switching, Option 1 could provide better performance than Option2. gNB can use the additional reported target waveform PHR info to determine whether switch to the target waveform and determine PRB number and MCS of the target waveform. Option2 only sends the PHR of the switched waveform. Before the switching, gNB has no information of the target waveform, it’s blind switching and the benefit of this PHR report is questionable. 
For Option1, the Pcmax value is different for CP-OFDM waveform and DFT-S-OFDM waveform. If both Pcmax are reported, it could help gNB to determine the power headroom for both waveforms. According to RAN2 specification TS38.321, single entry PHR MAC CE includes the PH and Pcmax. The standard impact is similar to introducing target waveform Pcmax or PHR on top of the source waveform PHR report. But, reporting both PHR reports makes gNB implementation easier, gNB doesn’t need to record the PUSCH scheduling info and calculate the target waveform power headroom.  
Proposal 4: Both PHRs for source waveform and target waveform are reported together as assistance information for gNB waveform determination.
For the power headroom calculation, if the target RB location and MCS are different from the actual scheduled PUSCH, gNB could not compare the power difference between the two waveforms directly, and the assistance info may not be enough for gNB to determine the waveform. In addition, how to determine the virtual RB location, RB number, MCS is not clear. It can be imagined the standard impacts are not negligible, but the benefit is limited. Therefore, RB number and location, MCS shall be the same for calculating PH for both source and target waveform. 
Proposal 5: RB number, PR location, and MCS for target waveform PH calculation are derived from the actual scheduled PUSCH.
According to current specification, PHR report can be triggered periodically based on a periodic timer, i.e., phr-PeriodicTimer. The minimum value of this timer is 10 subframes. As the waveform switching could be indicated via DCI, it makes the waveform change so fast. The periodic PHR timer could not match with waveform switching. If the periodic PHR timer can be configured with smaller values, the provided PHR could be more meaningful for gNB determining the waveform.  
Proposal 6: Considering a shorter periodic PHR timer for dynamic waveform switching. 
Summary
In this contribution, we discuss the mechanism of supporting dynamic waveform switching between DFT-s-OFDM and CP-OFDM, and have the following proposals:
Proposal 1: Common configuration of the presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.
Proposal 2: For resourceAllocation field configuration, 
· 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 3: For dmrs-Type configuration,  
· 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 4: Both PHRs for source waveform and target waveform are reported together as assistance information for gNB waveform determination.
Proposal 5: RB number, PR location, and MCS for target waveform PH calculation are derived from the actual scheduled PUSCH.
Proposal 6: Considering a shorter periodic PHR timer for dynamic waveform switching. 
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