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Introduction
A work item on further NR coverage enhancements has been approved for Rel.18 [1]. One of objectives is to specify enhancements to support dynamic switching between DFT-s-OFDM and CP-OFDM. This document provides our view on dynamic switching between DFT-s-OFDM and CP-OFDM.
Discussion
Applicability of dynamic waveform switching
Applicability to DG-PUSCH
In RAN1#110bis-e, it was agreed that 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 and with CRC scrambled with MCS-C-RNTI, or CS-RNTI with NDI = 1. One of the remaining issues is the applicability of dynamic waveform switching to PUSCH scheduled by DCI format 0-0. For DG-PUSCH scheduled by DCI format 0-0, in order to utilize DCI format 0-0 regardless of RRC reconfiguration and to keep the same payload size in common search space among different release version of UEs, no change should be applied. To apply it to DCI format 0-0 in UE specific search space is possible but we don’t see this level of the optimization. Therefore, our view is that dynamic waveform switching is not supported for DG-PUSCH scheduled by DCI format 0-0.
Proposal 1: DG-PUSCH scheduled by DCI format 0-0 does not support dynamic switching enhancement.

Applicability to Msg.3 PUSCH
For Msg.3 or Msg.A PUSCH, the suitable waveform could be different among UEs, for example to use DFT-s-OFDM for cell-edge UEs is desirable even when the cell is mainly operated by CP-OFDM. Therefore, to have the limitation to use DFT-s-OFDM for cell-edge UEs is beneficial even for UL transmissions for initial access at least for Msg.3 PUSCH. It might be seen as the flexibility of the waveform for the initial access. Potential specification impact would be waveform indication/selection design, especially indication of waveform shall not impact the legacy UE interpretation of the RAR or DCI format 0-0 with CRC scrambled by RA-RNTI respectively. Instead of indicating the waveform in RAR or DCI format 0-0 with CRC scrambled by RA-RNTI, dependency to RACH resource selection can be simpler, but requiring more PRACH resource for the identification of its UE capability of dynamic waveform switching should be avoided. In Rel.18 PRACH repetition, separate RACH resource is supported for PRACH repetition and if multiple values are configured, PRACH resource between PRACH repetitions with different number of repetitions are differentiated. Therefore, to utilize this dependency to RACH resource selection and linkage to PRACH and Msg.3 repetition should be considered. It means that PRACH repetition capable UE always support Msg.3 repetition and does not follow the configuration of msg3-transformPrecoder, i.e., UE transmits Msg.3 with DFT-s-OFDM even if CP-OFDM is configured via msg3-transformPrecoder. In PRACH repetition, separate RACH resource is supported for PRACH repetition and if multiple values are configured PRACH resource between PRACH repetitions with different number of repetitions are differentiated. Therefore, there is no additional PRACH resource is necessary for the waveform selection for Msg.3 PUSCH.
Proposal 2: PRACH repetition capable UE always support Msg.3 repetition and does not follow the configuration of msg3-transformPrecoder, i.e., UE transmits Msg.3 with DFT-s-OFDM even if CP-OFDM is configured via msg3-transformPrecoder.

Dynamic switching mechanism
Dynamic waveform indication mechanism
Before the actual dynamic waveform switching, to enable or disable dynamic waveform switching itself needs to be configured via RRC as dynamic waveform switching should be supported only when enabled. Following two options are considered.
· Option 1: transformPrecoder in pusch-Config has new value like “dynamicSwitch’.
· Option 2: New RRC parameter transformPrecoderDynamicis introduced in pusch-Config.
In Option 1, if higher layer parameter transformPrecoder in pusch-Config is set to ‘dynamicSwitch’, the UE shall determine whether DFT-s-OFDM or CP-OFDM is used as defined by the dynamic manner. In Option 2, if higher layer parameter transformPrecoderDynamic is configured in pusch-Config, transformPrecoder in pusch-Config is not valid (i.e., UE ignore this parameter) and the UE shall determine whether DFT-s-OFDM or CP-OFDM is used as defined by dynamic manner. Option 1 and Option 2 are no difference of physical layer behavior but only how RRC signaling is designed. In our view, since Option 2 does not require the change for the existing parameter transformPrecoder, Option 2 is more reasonable approach for backward compatibility signaling reason. However, RRC design could be up to RAN2 discussion.
Proposal 3: Dynamic switching between DFT-s-OFDM and CP-OFDM is enabled or disabled via RRC.

In RAN1#112, the following agreement were made.
Agreement:
· For single TB scheduled by single DCI, 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.
Support of new 1-bit field for dynamic indication in UL scheduling DCI is agreed on for single TB scheduled by single DCI. The reason is that there may be cases of scheduling more than 1 TB, e.g., for multi-PUSCH transmission in NR-U and ongoing discussion in MIMO and multi-carrier enhancement in Rel.18. At least for multi-PUSCH transmission in NR-U, we think all PUSCH transmissions follows the waveform indicated by 1 bit is sufficient and no need to have multiple bits for waveform indication. We also don’t see the clear motivation to introduce multiple bits for dynamic waveform indication to MIMO and multi-carrier enhancement, but the detailed DCI design should be discussed in each agenda.
Proposal 4: Support of new 1-bit field for dynamic waveform indication from UL scheduling DCI is applicable at least to multi-PUSCH transmission.
Proposal 5: DCI design including dynamic waveform indicator for Rel.18 MIMO and multi-carrier enhancement should be discussed in each agenda items.

DCI size alignment between CP-OFDM and DFT-s-OFDM
For DCI format 0-1/0-2, the field size of some DCI fields depends on the applied waveform for PUSCH (e.g., FDRA, frequency hopping flag, precoding information and number of layers, antenna ports, PTRS-DMRS association, and DMRS sequence initialization). The payload size needs to be deterministic before the detection of the DCI is important as multiple DCI sizes increases the number of blind detections. Each field size for CP-OFDM is equal or larger than the case for DFT-s-OFDM, therefore, one of the simplest approaches is that each field size should be based on CP-OFDM, which is equal or larger payload size with DFT-s-OFDM. In RAN1#111, another approach that alignment on per-format basis was also identified, which allows the same alignment principle as for the case of cross-carrier scheduling. In CA cross-carrier scheduling, bit width of each field can be different depending on indicated carrier by CIF. UE firstly decode CIF, then, UE knows the bit width of each field. In order to align total DCI size, after all necessary fields, zeros are padded until the payload size aligned. In RAN#112, considering the handling of the alignment between C-RNTI and CS-RNTI, the following options were identified.
· Option 1: Per-format alignment
· Step 1: Determine field sizes of DCI addressed to C-RNTI based on the waveform indicated by DWS field.
· Step 2: If DCI is addressed to CS-RNTI, algin field sizes to that of DCI addressed to C-RNTI based on the waveform indicated by DWS field using the existing C-RNTI/CS-RNTI alignment clause.
· Select between
· Alt.A:
· By specification, at least one field preceding NDI has size that depends on waveform (e.g., FDRA).
· Note: This implies DWS field must be decoded before finding position of NDI field.
· Note: This implies DWS field must be positioned before the first field that depends on waveform.
· Impact on procedure for PDCCH validation of CG Type 2: If DWS field value does not match waveform RRC configured in ConfiguredGrantConfig for the CG, and NDI = 0, it is an error case.
· Alt.B:
· By specification, no field preceding NDI has size that depends on waveform.
· It seems that it is currently the case for DCI format 0-1/0-2 in Rel.17 may need further checking).
· Note: This means DWS field does not need to be decoded before finding position of NDI field.
· Note: This means DWS field can be positioned after NDI, but before the first field that depends on waveform.
· No impact on procedure for PDCCH validation of CG Type 2. UE can ignore value of DWS field in the validation.
· Step 3: Apply padding at the end of the DCI, if necessary, to match the size of the largest DCI size between (DWS = CP-OFDM) and (DWS = DFT-s-OFDM).
· Option 2: Per-field alignment
· Step 1: For C-RNTI, apply padding to each field, if necessary, to match the size of the largest field size between (DWS = CP-OFDM) and (DWS = DFT-s-OFDM).
· Step 2: If DCI is addressed to CS-RNTI, algin field sizes to those of C-RNTI according to existing alignment clause between CS-RNTI and C-RNTI.
· Note: DWS field does not need to be decoded before finding position of NDI field or any other field.
· Note: No constraint on position of DWS field in DCI (bit positioning before any field that has waveform-dependent interpretation may help implementation).
· Option 3: Per-field alignment only for fields preceding NDI field
· Step 1: For fields preceding NDI, apply per-field alignment as per Steps 1 and 2 of Option 2.
· Note: This means DWS field does not need to be decoded before finding position of NDI field.
· Step 2: For fields following NDI, determine field sizes based on DWS as per Steps 1 and 2 of Option 1.
· Step 3: Apply padding at the end of the DCI, if necessary, to match the size of the largest DCI size between (DWS = CP-OFDM) and (DWS = DFT-s-OFDM).
· Note: Option 3 has same features as Option 1/Alt.B with respect to impact on PDCCH validation and positioning of DWS field. In case all fields preceding NDI are guaranteed to have size independent of waveform by specification, option 3 may not be relevant.
· Option 4: Per-field alignment only for DCI addressed to CS-RNTI
· For DCI addressed to C-RNTI
· Step 1: Determine size of fields based on DWS indication.
· Note: This implies DWS field must be positioned before the first field that depends on waveform.
· Step 2: Apply padding at the end of the DCI, if necessary, to match the size of the largest DCI size between (DWS = CP-OFDM) and (DWS = DFT-s-OFDM).
· For DCI addressed to CS-RNTI
· Apply padding to each field, if necessary, to match the size of the corresponding field for the DCI addressed to C-RNTI and (DWS = CP-OFDM).
· Note: This means DWS field does not need to be decoded before finding positions of NDI field in the case of CS-RNTI.
· Note: Field introduced in future specifications needs to have size for CP-OFDM at least equal to size for DFT-s-OFDM, or other cannot be used for CS-RNTI and NDI = 1.
In our view, all options can work since both approaches (i.e., per format alignment and per field alignment) have been already implemented in the current specification, e.g., per-field basis is used for BWP switching and per-format basis is used for CA cross-carrier scheduling. Our slight preference is Option 2 due to the simplicity of the alignment considering CS-RNTI and C-RNTI even if the DCI payload size could be reduced in other options. 
Proposal 6: When dynamic switching between DFT-s-OFDM and CP-OFDM is enabled, the following per-field alignment approach is taken in order to achieve DCI size alignment between CP-OFDM and DFT-s-OFDM.
· Step 1: For C-RNTI, apply padding to each field, if necessary, to match the size of the largest field size between (DWS = CP-OFDM) and (DWS = DFT-s-OFDM).
· Step 2: If DCI is addressed to CS-RNTI, algin field sizes to those of C-RNTI according to existing alignment clause between CS-RNTI and C-RNTI.

When dynamic waveform switching is enabled, basically, the DCI size is aligned to the size of CP-OFDM. In [2], the issue on DCI overhead when dynamic waveform switching is enabled was raised and the solution to reduce DCI overhead increase was proposed, in which constant DCI overhead increase is avoided by introducing time duration  for DCI reception with dynamic waveform indication. We think introduction of such time window for DCI reception make the operation more complex, and similar behavior might be possible by using other DCI without dynamic waveform indication. Therefore, we don’t see the necessity of such enhancement.

Assistance information for switching waveform
In RAN1#111, the following agreement was made.
Agreement:
· 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., reporting  or Type 1 power headroom for a waveform, or different thereof between waveforms
· PHR triggering enhancements, e.g.,
· Network-triggered PHR
· PH becomes lower (higher) than a threshold
· PHR triggering by waveform switching
· Reporting of recommended waveform or request to switch waveform
· Other solutions not precluded.

Reporting power headroom related information
In order to determine the use of UL waveform switching, gNB needs information on PHR of the target waveform. However, PHR in the current specification uses the current transmission settings and waveform. Therefore, gNB is not able to know the possible PHR of the new waveform. Therefore, when dynamic waveform switching is enabled, the enhancement on reporting additional information for the other waveform, which is different from the current waveform is necessary. Additional information should include at least  for the other waveform.
On RB allocation and/or modulation order, one of natural designs would be target RB allocation and target modulation order are same as respective properties of an actual PUSCH transmission. If target RB allocation and/or target modulation order can be different, how to determine target RB allocation and/or target modulation order needs to be specified. Indicating target RB allocation and/or target modulation order from gNB to UE for the other waveform would increase overhead.
One of issues on target RB allocation would be that even if target RB allocation is same as respective properties of an actual PUSCH transmission, since NR has different restriction on resource allocation between DFT-s-OFDM and CP-OFDM, target RB allocation which is the assumption to report PHR for the target waveform should consider such restriction on resource allocation. For example, if the target waveform does not support the RB allocation of actual PUSCH transmission, the target RB allocation should be adjusted for target waveform. The following restriction should be considered.
· DFT-s-OFDM does not support non-contiguous resource allocation.
· DFT-s-OFDM only supports RB allocation with the size of .
· CP-OFDM with resource allocation type 0 only supports RB allocation (size and starting RB) with the granularity of RBG size.
Proposal 7: Reporting power headroom information based on  applicable to a target waveform, which is different from the current waveform, should be supported.
Proposal 8: Even if target RB allocation is same as respective properties of an actual PUSCH transmission, if the target waveform does not support the RB allocation of actual PUCSH transmission, the target RB allocation need to be adjusted for target waveform.

The support of dynamic waveform switching in CA/DC scenario
Another discussion point is whether dynamic waveform switching is supported in CA/DC scenario. We think the following two approaches could be considered.
· Approach 1: Dynamic waveform switching is only the situation of single carrier
· Approach 2: Even when UE is in CA/DC operation, dynamic waveform switching of the specific carrier is supported.
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/DC can be operatable. Therefore, CA/DC should be supported. In CA/DC, when waveform is switched and RF is shared among carriers, the available PHR can be different even for the carrier in which dynamic waveform switching is not configured. Therefore, if reporting power headroom information based on  applicable to a target waveform is supported, how to report power headroom information considering CA/DC, especially carriers which share RF, should be studied, e.g., UE reports power headroom related information not only on a waveform of the certain carrier but also on a waveform of the other carrier.
Proposal 9: Whether dynamic waveform switching is supported in CA/DC scenario should be discussed.
Proposal 10: Even when UE is in CA/DC operation, dynamic waveform switching of the specific carrier should be supported.
Proposal 11: Reporting power headroom information considering CA/DC, especially carriers which share RF should be studied.

Conclusion
In this contribution, we provide our view on dynamic switching between DFT-s-OFDM and CP-OFDM for NR coverage enhancement. We made following proposals.
Proposal 1: DG-PUSCH scheduled by DCI format 0-0 does not support dynamic switching enhancement.
Proposal 2: PRACH repetition capable UE always support Msg.3 repetition and does not follow the configuration of msg3-transformPrecoder, i.e., UE transmits Msg.3 with DFT-s-OFDM even if CP-OFDM is configured via msg3-transformPrecoder.
Proposal 3: Dynamic switching between DFT-s-OFDM and CP-OFDM is enabled or disabled via RRC.
Proposal 4: Support of new 1-bit field for dynamic waveform indication from UL scheduling DCI is applicable at least to multi-PUSCH transmission.
Proposal 5: DCI design including dynamic waveform indicator for Rel.18 MIMO and multi-carrier enhancement should be discussed in each agenda items.
Proposal 6: When dynamic switching between DFT-s-OFDM and CP-OFDM is enabled, the following per-field alignment approach is taken in order to achieve DCI size alignment between CP-OFDM and DFT-s-OFDM.
· Step 1: For C-RNTI, apply padding to each field, if necessary, to match the size of the largest field size between (DWS = CP-OFDM) and (DWS = DFT-s-OFDM).
· Step 2: If DCI is addressed to CS-RNTI, algin field sizes to those of C-RNTI according to existing alignment clause between CS-RNTI and C-RNTI.
Proposal 7: Reporting power headroom information based on  applicable to a target waveform, which is different from the current waveform, should be supported.
Proposal 8: Even if target RB allocation is same as respective properties of an actual PUSCH transmission, if the target waveform does not support the RB allocation of actual PUCSH transmission, the target RB allocation need to be adjusted for target waveform.
Proposal 9: Whether dynamic waveform switching is supported in CA/DC scenario should be discussed.
Proposal 10: Even when UE is in CA/DC operation, dynamic waveform switching of the specific carrier should be supported.
Proposal 11: Reporting power headroom information considering CA/DC, especially carriers which share RF should be studied.
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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.
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