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1. [bookmark: _Ref521334010]Introduction
One of the objectives in Rel-18 further NR coverage enhancements WID [1] is:
· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)
The following agreements and working assumption were made in RAN1#110bis-e.
	Agreement
Dynamic waveform switching enhancement in R18 is only applicable to PUSCH channel.

Working Assumption
Support at least one of the following options for the dynamic waveform indication in R18:
Alt 1: Indication from an UL scheduling DCI
· Alt 1-A: New field in scheduling DCI
· Alt 1-B: Reuse 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.
· RA type, MSB of RA
· 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

Agreement
Dynamic waveform switching enhancement in R18 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 R18 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).




In this contribution, we provide our views on dynamic switching between DFT-S-OFDM and CP-OFDM based on above agreements/working assumption.
2. Discussion
Applicability of dynamic waveform switching
In NR, both DFT-S-OFDM and CP-OFDM are supported for PUSCH transmissions. The determinations of UL waveform for PUSCH transmissions according to TS 38.214 are summarized below.
· For the following PUSCH transmissions, the waveform is determined according to msg3-transformPrecoder.
· PUSCH scheduled by RAR UL grant
· PUSCH scheduled by fallbackRAR UL grant
· PUSCH scheduled by DCI format 0_0
· For MsgA PUSCH, the waveform is determined according to msgA-TransformPrecoder if provided and msg3-transformPrecoder otherwise.
· For PUSCH transmissions scheduled by DCI format other than DCI format 0_0, the waveform is determined according to transformPrecoder in pusch-Config if provided and msg3-transformPrecoder otherwise.
· For CG PUSCH transmissions, the waveform is determined according to transformPrecoder in configuredGrantConfig if provided and msg3-transformPrecoder otherwise.

It was agreed that dynamic waveform switching 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. We discuss the applicability to other PUSCH transmissions below.
For PUSCH transmissions during random access, including PUSCH scheduled by RAR UL grant, PUSCH scheduled by fallbackRAR UL grant, PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI and MsgA PUSCH, the motivation and benefit of dynamic switching between DFT-S-OFDM and CP-OFDM are not clear. In order to differentiate UEs supporting dynamic UL waveform switching from legacy UEs, additional PRACH/preamble resource partitioning would be required which is not desirable. In addition, there would be significant specification impact on RAR UL grant, fallbackRAR UL grant and DCI format 0_0 design. It is therefore proposed that dynamic switching between DFT-S-OFDM and CP-OFDM is not applicable to PUSCH transmissions during random access.
For PUSCH transmissions scheduled by PDCCH with CRC scrambled by CS-RNTI with NDI=1, C-RNTI and MCS-C-RNTI, if transformPrecoder in pusch-Config is provided and it is different from that configured in msg3-transformPrecoder, dynamic switching between DFT-S-OFDM and CP-OFDM can be achieved by using DCI format 0_0 and DCI format 0_1/0_2 respectively for PUSCH scheduling according to existing mechanisms. 
Observation: Dynamic switching between DFT-s-OFDM and CP-OFDM can be achieved for PUSCH transmissions scheduled by PDCCH with CRC scrambled by CS-RNTI with NDI=1, C-RNTI and MCS-C-RNTI according to existing mechanisms.
For Rel-18 enhancements on dynamic switching between DFT-S-OFDM and CP-OFDM, dynamic switching of UL waveforms for PUSCH transmissions scheduled by non-fallback DCI formats has already been supported. For PUSCH transmissions scheduled by fallback DCI formats, the DMRS configuration and DMRS port are fixed in the specification and only RA type 1 is supported. The potential benefit to support dynamic switching of UL waveforms for PUSCH transmissions scheduled by fallback DCI formats, if any, would be very limited without significant standardization efforts. Given that dynamic switching between DFT-S-OFDM and CP-OFDM can already be supported in existing specifications by switching fallback DCI and non-fallback DCI and by non-fallback DCI in Rel-18, it is not necessary to support dynamic switching of UL waveforms for PUSCH transmissions scheduled by fallback DCI formats.
For Type 1 CG PUSCH, there is no associated DCI for activation and the UL waveform can be configured per CG configuration in existing specifications, dynamic switching between DFT-S-OFDM and CP-OFDM should not be applicable.
For Type 2 CG PUSCH, at least for Type 2 CG PUSCH activated by DCI format 0_0, dynamic switching between DFT-S-OFDM and CP-OFDM should not be applicable. Whether dynamic switching between DFT-S-OFDM and CP-OFDM can be applicable for Type 2 CG PUSCH activated by DCI format other than DCI format 0_0 can be further discussed.
Proposal 1: Dynamic switching between DFT-S-OFDM and CP-OFDM is not applicable to:
· PUSCH scheduled by RAR UL grant
· PUSCH scheduled by fallback RAR UL grant
· MsgA PUSCH
· PUSCH scheduled by DCI format 0_0
· Type 1 CG PUSCH
· Type 2 CG PUSCH activated by DCI format 0_0
· FFS: Type 2 CG PUSCH activated by DCI format 0_1 and DCI format 0_2

Dynamic switching mechanism
For dynamic waveform indication, it was agreed as a working assumption to support at least one of the following options.
Alt 1: Indication from an UL scheduling DCI
Alt 2: Indication from a non-UL scheduling DCI
At least for 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, there is no reason to adopt Alt 2 instead of Alt 1. Whether to support Alt 2 on top of Alt 1 depends on the discussion of applicability of PUSCH dynamic waveform switching to other PUSCH transmissions. Based on proposal 1, Alt 1 is sufficient. If dynamic waveform switching is supported for Type 2 CG PUSCH activated by DCI format 0_1 and DCI format 0_2, dynamic waveform indication in UL scheduling (activation) DCI can be adopted.
Proposal 2: Support dynamic waveform indication from an UL scheduling DCI at least for 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.
Proposal 3: Dynamic waveform indication from a non-UL scheduling DCI is not supported in Rel-18.
For Alt 1, it was agreed that indicated waveform applies at least to the scheduled PUSCH transmission. We think it is sufficient and there is no need to apply the indicated waveform to subsequent transmissions, which have associated DCIs if dynamic waveform switching is applicable.
In addition, there is an FFS on whether indication applies only if condition(s) are satisfied. From our perspective, there is no need to complicate the design. UE should simply follow the indication from UL scheduling DCI without taking other conditions into account. It is up to gNB to decide which waveform is applied to the scheduled PUSCH transmission.
Proposal 4: Indicated waveform from an UL scheduling DCI applies to the scheduled PUSCH transmission only and does not apply to subsequent transmissions. 
Proposal 5: No other conditions need to be satisfied to apply the indicated waveform from an UL scheduling DCI.
For indication from an UL scheduling DCI, Alt 1-A and Alt 1-B are considered. Alt 1-A is simpler but would lead to DCI payload size increase. There are various options for Alt 1-B. 
For Alt 1-B-1, waveform is indicated by repurposing the existing DCI field, e.g. one column is added to TDRA table or MCS table(s). It is expected that new RRC configurations are needed for the solutions. The waveform and TDRA are independent so it is expected that the size of TDRA bit field would be increased. The benefit of this option compared with Alt 1-A is unclear. If one column is added to MCS table(s), it is expected that only one certain waveform is associated with an MCS entry. Then gNB cannot dynamically switch UL waveform for a certain MCS entry. Considering unclear benefit/limitations and additional RRC overhead, it is proposed to not consider Alt 1-B-1.
Proposal 6: Dynamic waveform indication by repurposing the existing DCI field i.e. Alt 1-B-1 is not considered in Rel-18.
For Alt 1-B-2, waveform is implicitly determined from condition(s) on scheduling information. Among the various conditions, we think RA type/MSB of FDRA is a promising approach. If RA type is used to implicitly indicate waveform, RA type 0 should be used to indicate CP-OFDM and RA type 1 should be used to indicate DFT-s-OFDM since RA type 0 is not applicable to DFT-s-OFDM in current specification. The RA type for PUSCH scheduled by DCI format 0_1 and 0_2 are configured by resourceAllocation and resourceAllocationDCI-0-2 in PUSCH-Config respectively, which can be resourceAllocationType0, resourceAllocationType1 or dynamicSwitch. When it is configured as dynamicSwitch, MSB of FDRA is used to indicate RA type so implicit indication of waveform via RA type is equivalent to implicit indication of waveform via MSB of FDRA. The scheduling restriction in this case is that RA type 1 cannot be used for CP-OFDM. But it may not be a big problem since in this configuration, RA type 0 is expected to be used for CP-OFDM otherwise resourceAllocationType1 can be configured. If resourceAllocationType1 is configured, there is no RA type indication in scheduling DCI so waveform cannot be implicitly indicated by RA type in DCI. If MSB of RA type is used to indicate UL waveform, there would be some scheduling restriction in RB allocation for both waveforms.
Proposal 7: Further study implicit waveform determination from RA type, MSB of FDRA. 
According to current specifications, DMRS configuration type 1 applies to PUSCH transmissions during random access and PUSCH scheduled by DCI format 0_0. For PUSCH scheduled by non-fallback DCI and CG PUSCH, DMRS configuration type 2 may be configured by dmrs-Type in DMRS-UplinkConfig, which is applicable to CP-OFDM only but not applicable to DFT-S-OFDM. It is not an issue when the UL waveform is semi-statically configured, but if dynamic switching between DFT-S-OFDM and CP-OFDM for PUSCH is enabled and DMRS configured type 2 is configured, it would be problematic. One way to resolve the issue is to preclude the possibility to configure DMRS configuration type 2 for PUSCH if dynamic switching between DFT-S-OFDM and CP-OFDM for PUSCH is enabled. However, it would cause scheduling restrictions, especially considering MU-MIMO scenarios. Therefore, an alternative solution could be that DMRS configuration type 2, if configured, applies to corresponding PUSCH transmissions with CP-OFDM only. For corresponding PUSCH transmissions with DFT-S-OFDM, DMRS configuration type 1 applies.
Proposal 8: If dynamic switching between DFT-S-OFDM and CP-OFDM for PUSCH is enabled, DMRS configuration type 2, if configured, applies to corresponding PUSCH transmissions with CP-OFDM only and DMRS configuration type 1 applies to corresponding PUSCH transmissions with DFT-S-OFDM.
In addition, similar issue exists for RA type 0, which is applicable to CP-OFDM only but not applicable to DFT-S-OFDM. According to current specifications, the resource allocation types for PUSCH scheduled by DCI format 0_1 and 0_2 are configured by resourceAllocation and resourceAllocationDCI-0-2 in PUSCH-Config respectively, which can be resourceAllocationType0, resourceAllocationType1 or dynamicSwitch. In case dynamic switching between DFT-S-OFDM and CP-OFDM for PUSCH is enabled for DCI format 0_1 and/or 0_2 and resourceAllocationType0 is configured, it is problematic. One possibility to address the issue is similar as above, that RA type 0 applies to corresponding PUSCH transmissions with CP-OFDM only and RA type 1 applies to corresponding PUSCH transmissions with DFT-S-OFDM. With this approach, waveform cannot be indicated via RA type. An alternative solution is to configure dynamicSwitch if RA type 0 is intended to be used for PUSCH transmissions with CP-OFDM.
Proposal 9: If dynamic switching between DFT-S-OFDM and CP-OFDM is enabled and resourceAllocation and/or resourceAllocationDCI-0-2 in PUSCH-Config are configured as resourceAllocationType0, consider the following options:
· Option 1: RA type 0 applies to corresponding PUSCH transmissions with CP-OFDM only and RA type 1 applies to corresponding PUSCH transmissions with DFT-S-OFDM;
· Option 2: it is an error case.
The bit-width of Antenna ports in DCI format 0_1 and DCI format 0_2 is determined by the configured DMRS configuration and waveform. There are other DCI fields with bit-width dependent on the configuration of waveform, e.g. Precoding information and number of layers, PTRS-DMRS and DMRS sequence initialization. It is proposed that the bit-width of these fields should be the maximum value taking both waveforms into account when dynamic switching between DFT-S-OFDM and CP-OFDM for PUSCH is enabled.
Proposal 10: If dynamic switching between DFT-S-OFDM and CP-OFDM for PUSCH is enabled, for the existing DCI fields in DCI format 0_1 and DCI format 0_2 with bit-width dependent on semi-static configuration of waveform, the bit-width is the maximum value taking both waveforms into account.
3. Conclusions
In this contribution, we discussed dynamic switching between DFT-S-OFDM and CP-OFDM with the following observation and proposals.
Observation: Dynamic switching between DFT-s-OFDM and CP-OFDM can be achieved for PUSCH transmissions scheduled by PDCCH with CRC scrambled by CS-RNTI with NDI=1, C-RNTI and MCS-C-RNTI according to existing mechanisms.
Proposal 1: Dynamic switching between DFT-S-OFDM and CP-OFDM is not applicable to:
· PUSCH scheduled by RAR UL grant
· PUSCH scheduled by fallback RAR UL grant
· MsgA PUSCH
· PUSCH scheduled by DCI format 0_0
· Type 1 CG PUSCH
· Type 2 CG PUSCH activated by DCI format 0_0
· FFS: Type 2 CG PUSCH activated by DCI format 0_1 and DCI format 0_2
Proposal 2: Support dynamic waveform indication from an UL scheduling DCI at least for 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.
Proposal 3: Dynamic waveform indication from a non-UL scheduling DCI is not supported in Rel-18.
Proposal 4: Indicated waveform from an UL scheduling DCI applies to the scheduled PUSCH transmission only and does not apply to subsequent transmissions. 
Proposal 5: No other conditions need to be satisfied to apply the indicated waveform from an UL scheduling DCI.
Proposal 6: Dynamic waveform indication by repurposing the existing DCI field i.e. Alt 1-B-1 is not considered in Rel-18.
Proposal 7: Further study implicit waveform determination from RA type, MSB of FDRA. 
Proposal 8: If dynamic switching between DFT-S-OFDM and CP-OFDM for PUSCH is enabled, DMRS configuration type 2, if configured, applies to corresponding PUSCH transmissions with CP-OFDM only and DMRS configuration type 1 applies to corresponding PUSCH transmissions with DFT-S-OFDM.
Proposal 9: If dynamic switching between DFT-S-OFDM and CP-OFDM is enabled and resourceAllocation and/or resourceAllocationDCI-0-2 in PUSCH-Config are configured as resourceAllocationType0, consider the following options:
· Option 1: RA type 0 applies to corresponding PUSCH transmissions with CP-OFDM only and RA type 1 applies to corresponding PUSCH transmissions with DFT-S-OFDM;
· Option 2: it is an error case.
Proposal 10: If dynamic switching between DFT-S-OFDM and CP-OFDM for PUSCH is enabled, for the existing DCI fields in DCI format 0_1 and DCI format 0_2 with bit-width dependent on semi-static configuration of waveform, the bit-width is the maximum value taking both waveforms into account.
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