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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)
In this contribution, we provide our views on dynamic switching between DFT-S-OFDM and CP-OFDM.
2. Discussion
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.

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, it is straightforward to support dynamic switching of UL waveforms for PUSCH transmissions scheduled by non-fallback DCI formats. 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 would be supported 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.
Proposal 2: Dynamic switching between DFT-S-OFDM and CP-OFDM is applicable to PUSCH scheduled by DCI format 0_1 and DCI format 0_2.
· FFS Type 2 CG PUSCH activated by DCI format 0_1 and DCI format 0_2

For dynamic switching between DFT-S-OFDM and CP-OFDM for PUSCH scheduled by DCI format 0_1/0_2, the most straightforward approach is to indicate the UL waveform in scheduling DCI. For the indication of UL waveform in DCI format 0_1/0_2, there are basically two alternatives.
· Alt 1: Add a new DCI field in DCI format 0_1/0_2 for PUSCH waveform indication
· Alt 2: PUSCH waveform is indicated by existing DCI field(s) in DCI format 0_1/0_2
Alt 1 is simpler but would lead to DCI payload size increase. For Alt 2, various schemes can be considered. In [2], the following options were considered.
· Opt.1: waveform is DFT-S-OFDM if contiguous PRB allocation and multiple value of 2, 3, 5, else CP-OFDM. 
· Opt.2: waveform is DFT-S-OFDM if MCS is lower than threshold, else CP-OFDM.
· Opt.3: waveform is CP-OFDM if PUSCH and DMRS is FDMed (based on ‘Number of DMRS CDM group(s) without data’), else DFT-S-OFDM.
· Opt.4: waveform is CP-OFDM if more than one layer/rank are indicated, else DFT-S-OFDM.
In addition, considering that RA type 0 is supported for CP-OFDM only, at least when dynamicSwitch is configured in PUSCH-Config, the MSB of FDRA field can be used to indicate waveform in addition to resource allocation type, i.e. bit value of 0 indicates CP-OFDM and RA type 0, and bit value of 1 indicates DFT-S-OFDM and RA type 1. If resourceAllocationType1 is configured in PUSCH-Config, the MSB of FDRA field or an additional bit can be used to indicate waveform.
More discussions are needed considering the trade-off between scheduling flexibility and DCI overhead.
Proposal 3: UL waveform for PUSCH scheduled by DCI format 0_1 and DCI format 0_2 is indicated by scheduling DCI.
· FFS whether/when UL waveform is indicated by a new DCI field or by existing DCI field(s)

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 4: 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. An alternative solution is to configure dynamicSwitch if RA type 0 is intended to be used for PUSCH transmissions with CP-OFDM.
Proposal 5: 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 6: 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.
Proposal 2: Dynamic switching between DFT-S-OFDM and CP-OFDM is applicable to PUSCH scheduled by DCI format 0_1 and DCI format 0_2.
· FFS Type 2 CG PUSCH activated by DCI format 0_1 and DCI format 0_2
Proposal 3: UL waveform for PUSCH scheduled by DCI format 0_1 and DCI format 0_2 is indicated by scheduling DCI.
· FFS whether/when UL waveform is indicated by a new DCI field or by existing DCI field(s)
Proposal 4: 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 5: 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 6: 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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