[bookmark: OLE_LINK3][bookmark: _Ref133120545]3GPP TSG RAN WG1 #112	R1-2301551
Athens, Greece, February 25th – March 3rd, 2023
Source:	Sharp
Title:	Dynamic switching between DFT-S-OFDM and CP-OFDM for Rel-18 CovEnh 
Agenda Item:	9.14.3
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In RAN1#111, the following agreements and working assumptions were made [1].
	[bookmark: _Hlk83924038]Agreement
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#110b-e for “Support at least one of the following options for the dynamic waveform indication in R18” 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
Agreement
Study the necessity of the following potential enhancements to assist the scheduler in determining waveform switching:
· Reporting power headroom related information based on PCMAX,f,c 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 PCMAX,f,c 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


In this contribution, we share the view on Dynamic switching between DFT-S-OFDM and CP-OFDM for Rel-18 coverage enhancement.
Discussions
Applicability to subsequent transmissions
A remaining issue is whether the dynamically indicated waveform is applied to subsequent transmissions or not. As described in the WID [2], the target use case of the dynamic switching between CP-OFDM and DFT-S-OFDM is to enable quick switching over to DFT-S-OFDM waveform as soon as a UE enters a cell-edge area. For example, when a UE performing UL-MIMO with CP-OFDM enters a shadow of buildings, the UE needs to increase transmission power rapidly. In this case, continuous use of CP-OFDM waveform requires the UE’s power amplifier to have a linear property in high power region, which is not realistic. There should be some mechanism which enable the UE to quickly switch to DFT-S-OFDM transmission which offers lower PAPR. Considering these typical cases, frequent (e.g. slot-by-slot level) back-and-forth waveform switching is not necessary. Based on this observation, some companies have been proposing that the waveform indicated by a DCI is applied not only the PUSCH transmission scheduled by the concerned DCI but also subsequent PUSCH transmissions.
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Figure 1: Subsequent transmissions
There are several kinds of subsequent PUSCH transmissions – a PUSCH transmission scheduled by another DCI not having the waveform indication field, a PUSCH transmission scheduled by another DCI having the waveform indication field, and Type 1 CG-PUSCH transmission, as shown in Figure 1. For a PUSCH transmission scheduled by another DCI having the waveform indication field, the PUSCH should use the waveform (waveform Y) indicated by the DCI which schedules this PUSCH, not the previously indicated waveform (waveform X). Otherwise, the ambiguity between waveforms X and Y happens.
Observation 1: 
· Previously signaled waveform does not need to apply to the subsequent PUSCH scheduled by DCI format which contains the new 1-bit waveform indication. In other words, PUSCHs not scheduled by such DCI format (e.g. DG-PUSCH scheduled by DCI format 0_0 or CG-PUSCH) could be potential target of the applicability.
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Figure 2: PDCCH detection failure at the UE side
The alignment on the knowledge of waveform between the UE and gNB is essential to ensure efficient PUSCH transmissions. The mis-alignment the waveform causes not only the decoding failure of an initial PUSCH transmission but also the decoding failure even after HARQ retransmission at the gNB side, because of error propagation. The potential problem of applicability to the subsequent transmissions is this kind of mis-alignment when the UE fails to detect a DCI with the waveform indication, as shown in Figure 2. The UE that could not detect the DCI#2 will use the waveform X to the subsequent Type 1 CG-PUSCH, although the gNB wanted the UE to use waveform Y for this Type 1 CG-PUSCH. There is no way to make the UE to use waveform Y for this Type 1 CG-PUSCH. The only way to keep the alignment between the UE and gNB is that the gNB realizes the UE’s PDCCH detection failure and assumes waveform X for the Type 1 CG-PUSCH. In order to do this, the gNB has to be able to perform accurate detection of PUSCH DMRS so as to be aware of whether the UE has successfully detected the corresponding PDCCH or not. This would lead to too much additional burden at the network side. Therefore, it is proposed that dynamically indicated waveform is NOT applied to subsequent transmissions.
Observation 2: 
· [bookmark: _Hlk127451460]In order to ensure the same understanding between the UE and gNB, the gNB has to be able to perform accurate detection of PUSCH DMRS so as to be aware of whether the UE has successfully detected the corresponding PDCCH or not.
Proposal 1: 
· Dynamically indicated waveform is NOT applied to subsequent transmissions.
DCI size alignment between CP-OFDM and DFT-S-OFDM
Another remaining issue is how to align DCI sizes between CP-OFDM and DFT-S-OFDM. If UE has to monitor the DCI formats having different payload sizes, the UE needs to perform different blind decoding attempts for different DCI formats. In addition, NR defines the limitation on the total number of DCI payload sizes to be monitored for a single serving cell in order to ease UE implementation [3]. Instead, different RNTIs with the same payload size are used for different purposes of DCI based control signaling. In order to do this, the size alignment between different RNTIs is essential. Basically, the dynamic switching between CP-OFDM and DFT-S-OFDM is a kind of the second-level optimization, because NR system has been working without it. In contrast, PDCCH decoding is even more important feature for NR system. Therefore, the change on UE’s processing of DCI decoding caused by introduction of the dynamic waveform switching should be avoided. In fact, the working assumption from the last meeting has the sub-bullet saying that no change of the current size alignment procedure between UL DCI and DL DCI [1]. In our view, not only the existing size alignment between UL DCI and DL DCI but also the existing size alignment between different RNTIs should not be changed, either.
Table 1 shows all the information fields potentially contained in DCI format 0_1 and the RRC parameters which may affect the field sizes. Similarly, Table 2 shows the ones for DCI format 0_2. According to Table 1, it can be seen that sizes of the following information fields may change depending on waveform of the scheduled PUSCH:
· Precoding information and number of layers
· Second Precoding information
· Antenna ports
· PTRS-DMRS association
· Second PTRS-DMRS association
· DMRS sequence initialization
Table 1: Sizes of information fields in DCI format 0_1
	Field in DCI format 0_1
	RRC parameters which affect field size

	Identifier for DCI formats – 1 bit
	N/A

	Carrier indicator – 0 or 3 bits
	schedulingCellInfo

	DFI flag – 0 or 1 bit
	N/A (affected only by whether to operate with shared spectrum channel access or not)

	UL/SUL indicator – 0 or 1 bit
	supplementaryUplink

	Bandwidth part indicator – 0, 1 or 2 bits
	uplinkBWP-ToReleaseList, uplinkBWP-ToAddModList

	Frequency domain resource assignment
	resourceAllocation, rbg-Size, locationAndBandwidth

	Time domain resource assignment – 0, 1, 2, 3, 4, 5, or 6 bits
	pusch-TimeDomainAllocationListDCI-0-1, pusch-TimeDomainAllocationListForMultiPUSCH, pusch-TimeDomainResourceAllocationListForMultiPUSCH-r17, pusch-TimeDomainAllocationList

	Frequency hopping flag – 0 or 1 bit
	resourceAllocation, frequencyHopping, pusch-RepTypeIndicatorDCI-0-1, frequencyHoppingDCI-0-1

	Modulation and coding scheme – 5 bits
	N/A

	New data indicator – 1, 2, 3, 4, 5, 6, 7 or 8 bits
	pusch-TimeDomainAllocationListForMultiPUSCH, pusch-TimeDomainResourceAllocationListForMultiPUSCH-r17

	Redundancy version – 2, 3, 4, 5, 6, 7 or 8 bits
	pusch-TimeDomainAllocationListForMultiPUSCH, pusch-TimeDomainResourceAllocationListForMultiPUSCH-r17

	HARQ process number – 4 or 5 bits
	harq-ProcessNumberSizeDCI-0-1

	1st downlink assignment index – 1, 2 or 4 bits
	pdsch-HARQ-ACK-Codebook, pdsch-HARQ-ACK-CodebookList, pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup, pdsch-HARQ-ACK-Codebook-Multicast, fdmed-Reception-Multicast, UL-TotalDAI-Included

	2nd downlink assignment index – 0, 2 or 4 bits
	pdsch-HARQ-ACK-Codebook-r16, UL-TotalDAI-Included

	3rd downlink assignment index – 0, 1 or 2 bits
	pdsch-HARQ-ACK-Codebook-Multicast, fdmed-Reception-Multicast

	TPC command for scheduled PUSCH – 2 bits
	N/A

	Second TPC command for scheduled PUSCH – 0 or 2 bits
	SecondTPCFieldDCI-0-1

	SRS resource set indicator – 0 or 2 bits
	txConfig, srs-ResourceSetToAddModList, usage

	SRS resource indicator
	txConfig, srs-ResourceSetToAddModList, usage, maxMIMO-Layers

	Second SRS resource indicator
	txConfig, maxMIMO-Layers

	Precoding information and number of layers
	txConfig, ul-FullPowerTransmission, transformPrecoder, maxRank, codebookSubset

	Second Precoding information
	txConfig, ul-FullPowerTransmission, transformPrecoder, maxRank, codebookSubset

	Antenna ports
	transformPrecoder, dmrs-Type, maxLength, dmrs-UplinkTransformPrecoding, tp-pi2BPSK, txConfig, dmrs-UplinkForPUSCH-MappingTypeA, dmrs-UplinkForPUSCH-MappingTypeB

	SRS request – 2 or 3 bits
	supplementaryUplink

	SRS offset indicator – 0, 1 or 2 bits
	AvailableSlotOffset

	CSI request – 0, 1, 2, 3, 4, 5, or 6 bits
	reportTriggerSize

	CBG transmission information (CBGTI) – 0, 2, 4, 6, or 8 bit
	codeBlockGroupTransmission, pusch-TimeDomainAllocationListForMultiPUSCH, pusch-TimeDomainResourceAllocationListForMultiPUSCH-r17, maxCodeBlockGroupsPerTransportBlock

	PTRS-DMRS association – 0 or 2 bits
	PTRS-UplinkConfig, transformPrecoder, maxRank

	Second PTRS-DMRS association – 0 or 2 bits
	PTRS-UplinkConfig, transformPrecoder, maxRank, txConfig, srs-ResourceSetToAddModList, usage

	beta_offset indicator – 0 or 2 bits
	betaOffsets

	DMRS sequence initialization – 0 bit
	transformPrecoder

	UL-SCH indicator – 0 or 1 bit
	pusch-TimeDomainAllocationListForMultiPUSCH, pusch-TimeDomainResourceAllocationListForMultiPUSCH-r17

	ChannelAccess-CPext-CAPC – 0, 1, 2, 3, 4, 5 or 6 bits
	ul-AccessConfigListDCI-0-1, channelAccessMode-r16

	Open-loop power control parameter set indication – 0 or 1 or 2 bits
	p0-PUSCH-SetList, txConfig, srs-ResourceSetToAddModList, usage, olpc-ParameterSetDCI-0-1

	Priority indicator – 0 or 1 bit
	priorityIndicatorDCI-0-1

	Invalid symbol pattern indicator – 0 or 1 bit
	invalidSymbolPatternIndicatorDCI-0-1

	Minimum applicable scheduling offset indicator – 0 or 1 bit
	minimumSchedulingOffsetK2

	SCell dormancy indication – 0, 1, 2, 3, 4 or 5 bits
	dormancyGroupWithinActiveTime

	Sidelink assignment index – 0, 1 or 2 bits
	pdsch-HARQ-ACK-Codebook, rrc-ConfiguredSidelinkGrant-r16, SL-ScheduledConfig-r16

	PDCCH monitoring adaptation indication – 0, 1 or 2 bits
	searchSpaceGroupIdList-r17, pdcch-SkippingDurationList


Table 2: Sizes of information fields in DCI format 0_2
	Field in DCI format 0_1
	RRC parameters which affect field size

	Identifier for DCI formats – 1 bit
	N/A

	Carrier indicator – 0 or 3 bits
	carrierIndicatorSizeDCI-0-2

	UL/SUL indicator – 0 or 1 bit
	supplementaryUplink

	Bandwidth part indicator – 0, 1 or 2 bits
	uplinkBWP-ToReleaseList, uplinkBWP-ToAddModList

	Frequency domain resource assignment
	resourceAllocationDCI-0-2-r16, rbg-Size, locationAndBandwidth

	Time domain resource assignment – 0, 1, 2, 3, 4, 5, or 6 bits
	pusch-TimeDomainAllocationListDCI-0-2, pusch-TimeDomainAllocationList

	Frequency hopping flag – 0 or 1 bit
	frequencyHoppingDCI-0-2

	Modulation and coding scheme – 5 bits
	N/A

	New data indicator – 1 bit
	N/A

	Redundancy version – 0, 1 or 2 bits
	numberOfBitsForRV-DCI-0-2

	HARQ process number – 0, 1, 2, 3, 4 or 5 bits
	harq-ProcessNumberSizeDCI-0-2-v1700, harq-ProcessNumberSizeDCI-0-2

	Downlink assignment index – 0, 1 or 2 bits
	downlinkAssignmentIndexDCI-0-2, pdsch-HARQ-ACK-Codebook, pdsch-HARQ-ACK-CodebookList, pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup, pdsch-HARQ-ACK-Codebook-Multicast, fdmed-Reception-Multicast

	TPC command for scheduled PUSCH – 2 bits
	N/A

	Second TPC command for scheduled PUSCH – 0 or 2 bits
	SecondTPCFieldDCI-0-2

	SRS resource set indicator – 0 or 2 bits
	txConfig, srs-ResourceSetToAddModListDCI-0-2, usage

	SRS resource indicator
	txConfig, srs-ResourceSetToAddModListDCI-0-2, usage

	Second SRS resource indicator
	txConfig, maxMIMO-LayersDCI-0-2

	Precoding information and number of layers
	txConfig, ul-FullPowerTransmission, transformPrecoder, maxRankDCI-0-2, codebookSubsetDCI-0-2

	Second Precoding information
	txConfig, ul-FullPowerTransmission, transformPrecoder, maxRankDCI-0-2, codebookSubsetDCI-0-2

	Antenna ports
	antennaPortsFieldPresenceDCI-0-2, transformPrecoder, dmrs-Type, maxLength, dmrs-UplinkTransformPrecoding, tp-pi2BPSK, txConfig, dmrs-UplinkForPUSCH-MappingTypeA-DCI-0-2, dmrs-UplinkForPUSCH-MappingTypeB-DCI-0-2

	SRS request – 0, 1, 2 or 3 bits
	srs-RequestDCI-0-2, supplementaryUplink

	SRS offset indicator – 0, 1 or 2 bits
	AvailableSlotOffset

	CSI request – 0, 1, 2, 3, 4, 5, or 6 bits
	reportTriggerSizeDCI-0-2

	PTRS-DMRS association – 0 or 2 bits
	PTRS-UplinkConfig, transformPrecoder, maxRankDCI-0-2

	Second PTRS-DMRS association – 0 or 2 bits
	PTRS-UplinkConfig, transformPrecoder, maxRankDCI-0-2, txConfig, srs-ResourceSetToAddModListDCI-0-2, usage

	beta_offset indicator – 0, 1 or 2 bits
	betaOffsets, dynamicDCI-0-2

	DMRS sequence initialization – 0 bit
	transformPrecoder, dmrs-SequenceInitializationDCI-0-2

	UL-SCH indicator – 0 or 1 bit
	pusch-TimeDomainAllocationListForMultiPUSCH, pusch-TimeDomainResourceAllocationListForMultiPUSCH-r17

	ChannelAccess-CPext-CAPC – 0, 1, 2, 3, 4, 5 or 6 bits
	ul-AccessConfigListDCI-0-2, channelAccessMode-r16

	Open-loop power control parameter set indication – 0 or 1 or 2 bits
	p0-PUSCH-SetList, txConfig, srs-ResourceSetToAddModListDCI-0-2, usage, olpc-ParameterSetDCI-0-2

	Priority indicator – 0 or 1 bit
	priorityIndicatorDCI-0-2

	Invalid symbol pattern indicator – 0 or 1 bit
	invalidSymbolPatternIndicatorDCI-0-2

	PDCCH monitoring adaptation indication – 0, 1 or 2 bits
	searchSpaceGroupIdList-r17, pdcch-SkippingDurationList


In Rel-15 to Rel-17, size alignments were not only by the total DCI payload size basis, but field-by-field size alignment was also defined for some cases. For example, TS38.212 defines the following size alignment behavior for DCI format 0_1 with CRC scrambled by C-RNTI and DCI format 0_1 with CRC scrambled by CS-RNTI. The same behaviour is also defined for DCI format 0_2.

	[bookmark: _Hlk124933566]Excerpts from Clause 7.3.1.1.2 in TS38.212
A UE does not expect that the bit width of a field in DCI format 0_1 with CRC scrambled by CS-RNTI is larger than corresponding bit width of same field in DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell. If the bit width of a field in the DCI format 0_1 with CRC scrambled by CS-RNTI is not equal to that of the corresponding field in the DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell, a number of most significant bits with value set to '0' are inserted to the field in DCI format 0_1 with CRC scrambled by CS-RNTI until the bit width equals that of the corresponding field in the DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell.


[bookmark: _Hlk124959275]Given that the field size alignment between C-RNTI and CS-RNTI is kept unchanged from Rel-17, each field size in the DCI format 0_1 with C-RNTI needs to be deterministic. Otherwise, it would be ambiguous which waveform for C-RNTI shall be assumed when determining the field sizes for CS-RNTI. In order to avoid such ambiguity, it is proposed that field-by-field size alignment is applied between two waveforms for DCI format 0_1 with C-RNTI.
Observation 3: 
· Given that the field size alignment between C-RNTI and CS-RNTI is kept unchanged from Rel-17, each field size with C-RNTI has to be deterministic irrespective of dynamically indicated waveform.
Proposal 2: 
· Field-by-field size alignment is applied between two waveforms for DCI formats with C-RNTI.
Applicability to CG-PUSCH
If the field size alignment between C-RNTI and CS-RNTI is kept unchanged from Rel-17 and given that Field-by-field size alignment is applied between two waveforms for DCI formats with C-RNTI, each information field sizes in a DCI format with CS-RNTI is derived based on the waveform which requires more bit width in the same DCI format with C-RNTI. In other words, when dynamic switching is configured for DG-PUSCH, DCI format size for activation or retransmission of CG-PUSCH also becomes increased, no matter if CG-PUSCH supports dynamic switching or not. We see no reason to prohibit support of the dynamic waveform indication by DCI formats with CS-RNTI.
Observation 4: 
· If the field size alignment between C-RNTI and CS-RNTI is kept unchanged from Rel-17, DCI formats with CS-RNTI also has sufficient bit widths so as to support dynamic waveform switching.
Proposal 3: 
· Initial transmissions for Type-1 CS do not support dynamic waveform switching.
· Initial transmissions for Type-2 CS support dynamic waveform switching via the activating DCI (The waveform indicated via the activating DCI applies to all the Type-2 CG-PUSCHs activated by the same DCI).
· Retransmissions for both Type-1 and Type-2 CS support dynamic waveform switching.
Applicability to DCI format 0_0
As agreed in RAN1#111, a new 1bit field for dynamic waveform indication is introduced. However, in order to ensure the existing fallback operation, the size of DCI format 0_0 has to remain unchanged from the legacy. Therefore, it cannot have the new 1-bit field. Considering the standardization efforts and timeline, it should be avoided to introduce different solutions for different DCI formats to support dynamic switching. Therefore, it is proposed that PUSCH scheduled/activated by DCI format 0_0 does not support dynamic waveform indication.
Observation 5: 
· DCI format 0_0 cannot have the new 1-bit field for dynamic waveform indication.
Proposal 4: 
· PUSCH scheduled/activated by DCI format 0_0 does not support dynamic waveform indication.
Conclusion
In this contribution, we have the following observation and proposal:
Observation 1: 
· Previously signaled waveform does not need to apply to the subsequent PUSCH scheduled by DCI format which contains the new 1-bit waveform indication. In other words, PUSCHs not scheduled by such DCI format (e.g. DG-PUSCH scheduled by DCI format 0_0 or CG-PUSCH) could be potential target of the applicability.
Observation 2: 
· In order to ensure the same understanding between the UE and gNB, the gNB has to be able to perform accurate detection of PUSCH DMRS so as to be aware of whether the UE has successfully detected the corresponding PDCCH or not.
Proposal 1: 
· Dynamically indicated waveform is NOT applied to subsequent transmissions.
Observation 3: 
· Given that the field size alignment between C-RNTI and CS-RNTI is kept unchanged from Rel-17, each field size with C-RNTI has to be deterministic irrespective of dynamically indicated waveform.
Proposal 2: 
· Field-by-field size alignment is applied between two waveforms for DCI formats with C-RNTI.
Observation 4: 
· If the field size alignment between C-RNTI and CS-RNTI is kept unchanged from Rel-17, DCI formats with CS-RNTI also has sufficient bit widths so as to support dynamic waveform switching.
Proposal 3: 
· Initial transmissions for Type-1 CS do not support dynamic waveform switching.
· Initial transmissions for Type-2 CS support dynamic waveform switching via the activating DCI (The waveform indicated via the activating DCI applies to all the Type-2 CG-PUSCHs activated by the same DCI).
· Retransmissions for both Type-1 and Type-2 CS support dynamic waveform switching.
Observation 5: 
· DCI format 0_0 cannot have the new 1-bit field for dynamic waveform indication.
Proposal 4: 
· PUSCH scheduled/activated by DCI format 0_0 does not support dynamic waveform indication.
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