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Introduction
This document provides our view on the remaining issues related to dynamic waveform switching for further NR coverage enhancement in Rel.18.
Discussion
Applicability of dynamic waveform switching
Applicability to Msg.3 PUSCH
For Msg.3 PUSCH, the suitable waveform is different among UEs. To use DFT-s-OFDM for cell-edge UEs of at least repetition condition is desirable even when the cell is mainly operated by CP-OFDM. Even such modification is introduced, the legacy UE interpretation of the RAR or DCI format 0-0 with CRC scrambled by RA-RNTI shall not be impacted. In Rel.18 PRACH repetition, separate RACH resource is supported for PRACH repetition compared with non-PRACH repetition. Therefore, the relation between PRACH repetition and Msg.3 repetition can be utilized. It means that the UE requesting PRACH repetition does not follow the configuration of msg3-transformPrecoder for Msg.3 PUSCH, i.e., UE transmits Msg.3 PUSCH repetition with DFT-s-OFDM even if CP-OFDM is configured in msg3-transformPrecoder. This design does not require additional PRACH resource for the waveform selection for Msg.3 PUSCH. Note that this requires the condition that PRACH repetition capable UE always support Msg.3 repetition.
Observation 1: The UE requesting PRACH repetition always requires Msg.3 repetition. In such condition, Msg.3 repetition should be based DFT-s-OFDM than CP-OFDM.
Proposal 1: The UE requesting PRACH repetition does not follow the configuration of msg3-transformPrecoder for Msg3 repetition, i.e., UE transmits Msg.3 with DFT-s-OFDM even if CP-OFDM is configured via msg3-transformPrecoder. PRACH repetition capable UE always support Msg.3 repetition.

Applicability to UL CA
In our view, dynamic waveform switching is to be used not in the real cell edge which can be supported of the single carrier but closer to the cell center where CA can be operatable because one of use case of dynamic waveform switching is to use SU-MIMO by CP-OFDM. Therefore, dynamic waveform switching could be supported for a UE configured with multiple UL carriers. 
On the other hand, if dynamic waveform switching is supported for multiple PUSCHs on multiple carriers, waveform switching to DFT-s-OFDM in one cell may not help improving coverage in case RF is shared among carriers. Therefore, if dynamic waveform switching is supported for multiple PUSCHs on multiple carriers, how to handle RF sharing issue should be addressed. Following options could be considered.
· Option 1: Dynamic waveform switching can be applied to intra- / inter-band CA with specific band(s) / band combination(s). UE indicates capability on band / band combination or per FSPC.
· Option 2: Concurrent transmission scheduled / configured over multiple carriers are not expected by UE.
Option 1 can support dynamic waveform switching even for multiple PUSCHs on multiple carriers depending on UE capability. While Option 2 limits only one carrier at one time although RRC configuration is CA, which is similar limitation in Rel.17 joint channel estimation.
Proposal 2: Dynamic waveform switching is supported for a UE configured with multiple UL carriers.
Proposal 3: In order to address RF sharing among multiple carriers, one of the following options should be taken.
· Option 1: Dynamic waveform switching can be applied to intra- / inter-band CA with specific band(s) / band combination(s). UE indicates capability on band / band combination or per FSPC.
· Option 2: Concurrent transmission scheduled / configured over multiple carriers are not expected by UE.

Dynamic switching mechanism
BWP switching
In RAN1#114, DWS field interpretation was agreed.
Agreement:
· Value “0” of dynamic waveform switching indicator field maps to transform precoding enabled.
· Value “1” of dynamic waveform switching indicator field maps to transform precoding disabled.
In current specification, the procedure related to DCI size alignment and interpretation for BWP switching is based on TS 38.213 Section 12 as
· If the size of the information field is smaller than the one required for the DCI format interpretation for the UL BWP that is indicated by the BWP indicator, the UE prepends zeros to the information field until its size is the one required for the interpretation of the information field for the UL BWP prior to interpreting the DCI format information field.
· If the size of the information field is larger than the one required for the DCI format interpretation for the UL BWP that is indicated by the BWP indicator, the UE uses a number of least significant bits of the DCI format equal to the one required for the UL BWP indicated by BWP indicator prior to interpreting the DCI format fields.
Since there has been already legacy operation, dynamic BWP switching with dynamic waveform switching can work. Potential optimization for the case, when DWS is not configured in the BWP (source BWP) and the UE receives a DCI that switches to another BWP (target BWP) where DWS is configured, would be the UE prepends to the (zero-size) DWS bit, but UE ignores the DWS field and applies RRC configured value of target BWP. However, since dynamic waveform switching may not be so popular, optimization for this case is not necessary.
Observation 2: Dynamic BWP switching with dynamic waveform switching can work in the current specification.
Proposal 4: For BWP switching, no CR is necessary.

FDRA
In RAN#112bis-e, the following agreements were made.
Agreement:
· For PUSCH scheduled by DCI format 0-1/0-2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured, down select 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 indicate, 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.
In our view, either option can work. The potential operation combination on resource allocation type is summarized in Table 1. In Option 1, since configuration to set resource allocation type 0 is restricted, if network wants to set resource allocation type 0 for CP-OFDM, network needs to set resourceAllocation to dynamicSwitch regardless resource allocation type for CP-OFDM is semi-static configuration or dynamic indication. With that, the slight difference between Option 1 and Option 2 is that Option 1 needs additional 1 bit overhead if resource allocation type 0 is used semi-statically for CP-OFDM. Therefore, we slightly prefer Option 2.
Table 1: Potential operation combination on resource allocation type
	Configuration
	resourceAllocation
	FDRA size

	CP-OFDM: Type 0 (semi-static)
DFT-s-OFDM: Type 1
	Option 1: dynamicSwitch
Option 2: resourceAllocationType0
	Option 1:

Option 2:


	CP-OFDM: Type 1 (semi-static)
DFT-s-OFDM: Type 1
	Option 1: resourceAllocationType1
Option 2: resourceAllocationType1
	Both Option 1 and Option 2:


	CP-OFDM: dynamic switch
DFT-s-OFDM: Type 1
	Option 1: dynamicSwitch
Option 2: dynamicSwitch
	Option 1 and Option 2:




Observation 3: On FDRA, either Option 1 or Option 2 in RAN1#112bis-e agreement can work. Option 2 can reduce 1 bit overhead if resource allocation type 0 is used semi-statically for CP-OFDM.
Proposal 5: On FDRA, we slightly prefer Option 2 in RAN1#112bis-e agreement.
· For PUSCH scheduled by DCI format 0-1/0-2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured, down select between following options.
· 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 indicate, 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.

DMRS configuration
In RAN#112bis-e, the following agreements were made.
Agreement:
· For PUSCH scheduled by DCI format 0-1/0-2 with dynamic waveform switching indication field configured, down select 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.
Either option can work. However, Option 1 restrict the usage of DMRS configuration Type 2 for CP-OFDM if dynamic waveform switching is enabled. In Option 2, if dmrs-Type is set to Type2, it means that based on the waveform, DMRS type is also dynamically changed, where dynamic change of DMRS type is not supported in current specification. We don’t see specific complexity of Option 2, i.e., dynamic change between DMRS configuration Type 1 and Type 2. In addition, Option 2 allows the alignment with normal CP-OFDM operation, which has the benefit of DMRS orthogonality. Therefore, our preference is Option 2.
Proposal 6: For PUSCH scheduled by DCI format 0-1/0-2 with dynamic waveform switching indication field configured, 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.

In RAN1#114, considering the situation, FL proposed compromised approach that Option 1 for FDRA and Option 2 for DMRS configuration [1]. We are also OK with the compromised approach. In addition, FL concluded in [1] that “without conclusion, UE behavior is undefined in case the network provides configuration incompatible with DFT-s-OFDM. This situation could be avoided by proper network configuration”. Although FL’s interpretation could be one of outcome of these issues, we suggest that such FL’s conclusion should be captured as the conclusion in the chair’s note/meeting minutes.
Proposal 7: If no agreement is reached on whether Option 1, Option 2 or compromised approach is taken, we suggest RAN1 to capture the following FL’s interpretation in the FL summary of RAN1#114 to the chair’s note / meeting minutes.
· UE behaviour is undefined in case the network provides configuration incompatible with DFT-s-OFDM.

Conclusion
In this contribution, we provide our view on the remaining issues related to dynamic waveform switching for further NR coverage enhancement in Rel.18. We made following observations and proposals.
Observation 1: The UE requesting PRACH repetition always requires Msg.3 repetition. In such condition, Msg.3 repetition should be based DFT-s-OFDM than CP-OFDM.
Proposal 1: The UE requesting PRACH repetition does not follow the configuration of msg3-transformPrecoder for Msg3 repetition, i.e., UE transmits Msg.3 with DFT-s-OFDM even if CP-OFDM is configured via msg3-transformPrecoder. PRACH repetition capable UE always support Msg.3 repetition.
Proposal 2: Dynamic waveform switching is supported for a UE configured with multiple UL carriers.
Proposal 3: In order to address RF sharing among multiple carriers, one of the following options should be taken.
· Option 1: Dynamic waveform switching can be applied to intra- / inter-band CA with specific band(s) / band combination(s). UE indicates capability on band / band combination or per FSPC.
· Option 2: Concurrent transmission scheduled / configured over multiple carriers are not expected by UE.
Observation 2: Dynamic BWP switching with dynamic waveform switching can work in the current specification.
Proposal 4: For BWP switching, no CR is necessary.
Observation 3: On FDRA, either Option 1 or Option 2 in RAN1#112bis-e agreement can work. Option 2 can reduce 1 bit overhead if resource allocation type 0 is used semi-statically for CP-OFDM.
Proposal 5: On FDRA, we slightly prefer Option 2 in RAN1#112bis-e agreement.
· For PUSCH scheduled by DCI format 0-1/0-2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured, down select between following options.
· 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 indicate, 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 6: For PUSCH scheduled by DCI format 0-1/0-2 with dynamic waveform switching indication field configured, 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 7: If no agreement is reached on whether Option 1, Option 2 or compromised approach is taken, we suggest RAN1 to capture the following FL’s interpretation in the FL summary of RAN1#114 to the chair’s note / meeting minutes.
· UE behaviour is undefined in case the network provides configuration incompatible with DFT-s-OFDM.

Reference
[1] R1-2308478, “Summary #4 on dynamic switching between DFT-s-OFDM and CP-OFDM,” Moderator (InterDigital, Inc.), RAN#114.
Appendix: Agreements in previous meetings
RAN1#110bis-e
Agreement:
· Dynamic waveform switching enhancement in Rel.18 is only applicable to PUSCH channel.

Agreement:
· Dynamic waveform switching enhancement in Rel.18 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.
· Note: The above does not imply that dynamic switching enhancement in Rel.18 is applicable or not applicable to other cases of PUSCH (e.g., PUSCH transmission with a Type 1 or Type 2 configured grant, PUSCH scheduled by DCI format 0-0).

Working assumption:
· Support at least one of the following options for the dynamic waveform indication in Rel.18.
· Alt.1: Indication from an UL scheduling DCI
· Alt.1-A: New field in scheduling DCI
· Alt.1-B: Reusing existing field in scheduling DCI
· Alt.1-B-1: Explicit indication by repurposing field, e.g.,
· Add one column to TDRA table
· Add one column to MCS table(s)
· Other solutions not precluded.
· Alt.1-B-2: Implicit determination from condition(s) on scheduling information, e.g.,
· Resource allocation type, MSB of resource allocation
· Number of RBs (below threshold or multiple of 2, 3, 5)
· Location of RB allocation within carrier and the associated MPR
· MCS below threshold
· Number of PUSCH repetitions (or whether PUSCH repetition is used) and/or TBoMS
· Number of DMRS CDM group(s) without data
· Precoding information and number of layers
· SRI
· Condition over multiple types of scheduling information
· Other types of scheduling information not precluded.
· Indicated waveform applies at least to the scheduled PUSCH transmission
· FFS whether it also applies to subsequent transmissions, and of which type
· FFS: DCI formats can contain the indication
· FFS: Indication applies only if condition(s) are satisfied (e.g., PDCCH occasion, RNTI, search space of the scheduling DCI, latest PHR reported by the UE, etc.)
· Alt.2: Indication from a non-UL scheduling DCI
· FFS: DCI formats that can provide the indication (e.g., downlink DCI, UE-group common DCI)
· FFS: Types of subsequent transmissions to which indication is applicable

Agreement:
· To study and if necessary, specify, enhancements to assist the scheduler in determining waveform switching, such as
· Reporting power headroom related information
· Other solutions are not precluded.

RAN1#111
Agreements:
· 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#110bis-e for “support at least one of the following options for the dynamic waveform indication in Rel.18” 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

Agreements:
· Study the necessity of the following potential enhancements to assist the scheduler in determining waveform switching.
· Reporting power headroom related information based on  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  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

RAN1#112
Agreement:
· Dynamic waveform switching in Rel.18 is not applicable to PUSCH transmissions with a Type 1 configured grant.

Conclusion:
· There is no consensus to support “Dynamic waveform switching to PUSCH transmissions with a Type 2 configured grant” in Rel.18.

Agreement:
· Dynamic waveform switching in Rel.18 is not applicable to PUSCH transmissions with a Type 1 configured grant.

Conclusion:
· There is no consensus to support “Dynamic waveform switching to PUSCH transmissions with a Type 2 configured grant” in Rel.18.

RAN1#112bis-e
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 configuration of 1-bit dynamic waveform switching indication in DCI format 0-1/0-2 per a carrier, down select 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.

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 swithing indication.
· When configured, 1-bit field indicates waveform for all scheduled PUSCH transmissions.

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  of a field would be smaller than the bit width of the field set as per the above, UE decodes the field using  least significant bits. If , the UE ignores the field for the indicated waveform.

Agreement:
· For PUSCH scheduled by DCI format 0-1/0-2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured, down select 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 indicate, 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, down select 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 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 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 triggering 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

RAN1#113
Agreement:
· Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0-1 and DCI format 0-2.

Agreement:
· 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 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

RAN1#114
Agreement:
· Value “0” of dynamic waveform switching indicator field maps to transform precoding enabled.
· Value “1” of dynamic waveform switching indicator field maps to transform precoding disabled.

Agreement:
· Support following enhancement to assist the scheduler in determining waveform switching.
· Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH.
· Note: Any MAC CE related design is up to RAN2.
· Subject to separate UE capability
· Details FFS
· Conclusion (made in RAN#100, RP-231498)
· RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel.18 UL Coverage enh WI.
· Send LS to inform above agreement and conclusion.
Agreement:
· Draft LS R1-2308364 is endorsed in principle.
Agreement:
· Final LS R1-2308376 is endorsed.

Agreement:
· For reporting of power headroom information for assumed PUSCH using target waveform different from waveform of actual PUSCH, support the following.
· 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.
· If actual PUSCH transmission is 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 , except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of , power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH contains
·  of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH
· If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.
· No consensus in RAN1 if the following applies or not: If UE reports legacy PHR in a PUSCH transmission, power headroom information for assumed PUSCH is also reported.
· Note: RAN endorsed the following at RAN#100: “RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel.18 UL Coverage enh WI” [RP-231498].
· Send LS to RAN2 to inform above agreement.
Agreement:
· Draft LS R1-2308476 is endorsed in principle.
Agreement:
· Final LS R1-2308477 is endorsed.

Agreement:
· Introduce two new RRC parameters for configuration of DWS field in DCI format 0-1 / 0-2.
· Value range is {enabled, disabled} for each of DCI format 0-1 and DCI format 0-2.
· “enabled” means that DWS field is present in the DCI format and UE follows DWS field.
· “disabled” means that DWS field is not present and UE follows legacy parameter (transformPrecoder) when scheduled using the DCI format.

Agreement:
· Introduce a new RRC parameter under PHR-Config for configuration of reporting of power headroom information for an assumed PUSCH.
· Value range is {enabled}.
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