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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, 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, no change should be applied. 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 CG-PUSCH
For Type 1 CG-PUSCH, there is no dynamic indication mechanism in the current specification. Potential solution for the support of dynamic waveform switching for Type 1 CG-PUSCH is to follow the waveform used for DG-PUSCH. For example, all subsequent PUSCHs after indication are switched to a new waveform. In our view, to support Type 1 CG-PUSCH would be only benefit from MAC CE based indication, which is precluded as working assumption in RAN1#110bis-e. If indication for all subsequent PUSCHs from a non-UL scheduling DCI is used, depending on false/miss-detection of DCI, the waveform of Type 1 CG-PUSCH is changed. This increases the complexity of gNB for blind detection. In addition, Type 1 CG-PUSCH should be rather used as conservatively as no change of the resource allocation. We don’t see the specific merit of Type 1 CG-PUSCH only to change waveform, but the other parameters are same. The same function can be basically achieved by Type 2 CG-PUSCH. Therefore, our view is that dynamic waveform switching is not supported for Type 1 CG-PUSCH.
For Type 2 CG-PUSCH, if dynamic switching is supported for DCI format 0-1/0-2, to support dynamic waveform switching via activation DCI with the unified indication mechanism would not have specific issue. Therefore, instead of Type 1 CG-PUSCH, dynamic switching between DFT-s-OFDM and CP-OFDM for Type 2-CG PUSCH should be supported
Proposal 2: Type 1 CG-PUSCH does not support dynamic switching.
Proposal 3: Dynamic switching between DFT-s-OFDM and CP-OFDM is supported for Type 2 CG-PUSCH.

Applicability to Msg.3 PUSCH
For Msg.3 or Msg.A PUSCH, the suitable waveform could be different among UEs, for example CP-OFDM for cell-center UEs while DFT-s-OFDM for cell-edge UEs. Therefore, to have flexibility for the waveform might be beneficial even for UL transmissions for initial access at least for Msg.3 PUSCH. Potential specification impact would be signaling 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. It would require more PRACH resource for the identification of its UE capability of dynamic waveform switching. Therefore, we think it should be lower priority discussion compared to DG-PUSCH scheduled by DCI format 0-1/0-2.
Proposal 4: Dynamic switching between DFT-s-OFDM and CP-OFDM for Msg.3 PUSCH should be lower priority.

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 5: Dynamic switching between DFT-s-OFDM and CP-OFDM is enabled or disabled via RRC.

In RAN1#111, the following working assumption and agreement were made.
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:
· 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.
On the working assumption, one reason of not the agreement but the working assumption is that the concern on DL DCI size increase due to DCI size alignment between DL DCI and UL DCI. However, this situation happens only the case that DL DCI size before DCI size alignment is same or smaller than UL DCI size. Such case is considered as corner case as majority of the operation is DL DCI size is larger than UL DCI size. Therefore, we propose to confirm the working assumption.
The first note in the above agreement is related to the discussion on the applicability of dynamic waveform switching to DG-PUSCH, especially whether dynamic waveform switching is applicable to DCI format 0-0. As discussed in Section 2.1, our view is that dynamic waveform switching is applicable only to DCI format 0-1/0-2. The second note in the above agreement is the issue whether the indication applies to subsequent other transmission i.e., state-based design. In state-based design, UE needs to store the state of waveform and depending on false/miss-detection of DCI, there might be misalignment of the state between gNB and UE. This increases the complexity of gNB for blind detection. Therefore, we don’t think state-based design is necessary for DG-PUSCH operation. For Type 2 CG-PUSCH activation, the state-based design after ACK transmission by UE is necessary as no DG is sent for CG after the activation. The correct reception of activation DCI can be checked by ACK reception.
Proposal 6: The following working assumption in RAN1#111 is 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.
Proposal 7: Applying the waveform switching indication to other transmission for DG-PUSCH is not supported. 

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 our view, both approaches can work since both approaches 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. It can be determined by the majority view.
Proposal 8: When dynamic switching between DFT-s-OFDM and CP-OFDM is enabled, either of following approaches is taken in order to achieve DCI size alignment between CP-OFDM and DFT-s-OFDM.
· Approach 1: The each of DCI field size is determined based on CP-OFDM (or the maximum between the bit width of CP-OFDM and the bit width of DFT-s-OFDM).
· Approach 2: The each of DCI field size is determined based on the indicated waveform in DCI and DCI size alignment is format basis.

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 9: Reporting power headroom information based on  applicable to a target waveform, which is different from the current waveform, should be supported.
Proposal 10: 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 but closer to the cell center. 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 11: Whether dynamic waveform switching is supported in CA/DC scenario should be discussed.
Proposal 12: Even when UE is in CA/DC operation, dynamic waveform switching of the specific carrier should be supported.
Proposal 13: 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: Type 1 CG-PUSCH does not support dynamic switching.
Proposal 3: Dynamic switching between DFT-s-OFDM and CP-OFDM is supported for Type 2 CG-PUSCH.
Proposal 4: Dynamic switching between DFT-s-OFDM and CP-OFDM for Msg.3 PUSCH should be lower priority.
Proposal 5: Dynamic switching between DFT-s-OFDM and CP-OFDM is enabled or disabled via RRC.
Proposal 6: The following working assumption in RAN1#111 is 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.
Proposal 7: Applying the waveform switching indication to other transmission for DG-PUSCH is not supported. 
Proposal 8: When dynamic switching between DFT-s-OFDM and CP-OFDM is enabled, either of following approaches is taken in order to achieve DCI size alignment between CP-OFDM and DFT-s-OFDM.
· Approach 1: The each of DCI field size is determined based on CP-OFDM (or the maximum between the bit width of CP-OFDM and the bit width of DFT-s-OFDM).
· Approach 2: The each of DCI field size is determined based on the indicated waveform in DCI and DCI size alignment is format basis.
Proposal 9: Reporting power headroom information based on  applicable to a target waveform, which is different from the current waveform, should be supported.
Proposal 10: 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 11: Whether dynamic waveform switching is supported in CA/DC scenario should be discussed.
Proposal 12: Even when UE is in CA/DC operation, dynamic waveform switching of the specific carrier should be supported.
Proposal 13: 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: (RAN1#111)
· 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: (RAN1#111)
· 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: (RAN1#111)
· 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
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