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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #112 meeting, the following agreements are made for dynamic switching between DFT-S-OFDM and CP-OFDM:
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.

Conclusion
There is no consensus to support “Dynamic waveform switching to PUSCH transmissions with a Type 2 configured grant” in R18.

Agreement
Dynamic waveform switching in R18 is not applicable to PUSCH transmissions with a Type 1 configured grant.

Conclusion
The dynamic waveform indication in a DCI containing a dynamic uplink grant applies only to PUSCH transmission(s) corresponding to the dynamic uplink grant.
In this contribution, we provide our views on dynamic switching between DFT-S-OFDM and CP-OFDM.

Discussion 
Scheme on dynamic waveform switching 
[bookmark: _Hlk127191735]In RAN1#112 meeting, 1-bit new field in UL scheduling DCI for dynamic waveform indication is supported. Similar to other new introduced dynamic bit field in Rel-16 or Rel-17, we think the presence of 1-bit new field should also be configured by RRC signaling per DCI format. For a DCI format not configured with the 1-bit new field, legacy method for determining the waveform could be re-used.
Proposal 1 : Presence of dynamic waveform indication in DCI format 0_1/0_2 is configured by RRC signaling per DCI format.

Target uplink channel
For PUSCH scheduled by DCI format 0_0, the waveform is configured by “msg3-transformPrecoder” as the Msg3 PUSCH. DCI format 0_0 is a fallback DCI which can only support basic functions. If the new 1-bit field in UL scheduling DCI for dynamic waveform indication is agreed, dynamic waveform switching shall not be applicable to PUSCH scheduled by DCI format 0_0 since it is better not to increase the payload size of DCI format 0_0.
For Msg3 PUSCH, the waveform is configured by “msg3-transformPrecoder”. There is no enough information for gNB to dynamically switch the waveform for Msg3 PUSCH. The benefit of supporting dynamic waveform switching for Msg 3 PUSCH is unclear. Therefore, we think the configured waveform for Msg3 PUSCH is sufficient and don’t support dynamic waveform switching is applicable to Msg3 PUSCH.
Proposal 2 : Don’t support dynamic waveform switching in PUSCH scheduled by DCI format 0_0 or Msg3 PUSCH.

DCI size alignment
	Proposal:
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, align 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.
· Note: It seems that it is currently the case for DCI format 0_1/0_2 in R17 (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, align 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 (but 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 Option1/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 position of NDI field in the case of CS-RNTI.
Note: Field introduced in future specs needs to have size for CP-OFDM at least equal to size for DFT-S-OFDM, or otherwise cannot be used for CS-RNTI and NDI=1.



Different waveforms may support different features and different RRC parameters may be configured for a PUSCH transmission with DFT-s-OFDM and CP-OFDM. When decoding a DCI, a UE needs to determine the bit width of each field in the DCI based on RRC configurations. For example, the number of layers of a PUSCH transmission for different waveforms can be different and the bit width of antenna ports filed in the DCI may be different for different waveforms. However, the bit width of a DCI can’t change along with the indicated waveform. DCI size shall be aligned between a DCI indicating CP-OFDM and a DCI indicating DFT-S-OFDM. 
In RAN1 #112 meeting, four options to align the DCI size were proposed. We think one DCI alignment method is enough to resolve this issue, so we don’t support the compromised option 3 and option 4 that for different cases per field or per format alignment is adopted. On option 1 and option 2, we prefer the option 2 per field alignment since it is simple and flexible that there is no limitation to the position of DWS indictor, and there is no other relevant issues or down selection needs to be resolved. Therefore, we propose: 
Proposal 3 : Support Option 2 (per field alignment) for DCI alignment to dynamically switch between DFT-s-OFDM and CP-OFDM. 

Waveform related configuration 
For PUSCH transmission with different waveforms, different RRC parameters can be configured to fit with the waveform. For example, the DMRS configuration may be different for different waveforms, since PUSCH transmission with DFT-s-OFDM only support DMRS type 1 while PUSCH transmission with CP-OFDM support both DMRS type 1 and type 2. In legacy, the switching between DFT-S-OFDM and CP-OFDM for PUSCH is via RRC and the value of RRC parameters of a waveform can be configured by RRC reconfiguration. But to support dynamic switching between DFT-S-OFDM and CP-OFDM, the RRC parameters for both CP-OFDM and DFT-s-OFDM need to be configured prior the UL transmission. 
Option 1: Configure two PUSCH-Config IEs, one PUSCH-Config IE includes RRC parameters for DFT-s-OFDM and one PUSCH-Config IE includes RRC parameters for CP-OFDM.
Option 2: Configure one PUSCH-Config IE, where the PUSCH-Config IE includes both the parameters dedicated for DFT-s-OFDM and  the parameters dedicated for CP-OFDM.
In option 1 more than one PUSCH-Config IE can be provided for a UE. It is simple and has the most flexibility. But option 1 may have large specification affect since in current specification only one PUSCH-Config IE can be configured in an BWP for a UE. Option 2 reuse current mechanism that one PUSCH-Config IE is  configured to a UE. Therefore, we think option 2 can be as a start on how to configure the parameters for CP-OFDM and DFT-s-OFDM PUSCH transmission. 
In one PUSCH-Config IE, some parameters may be common for both  CP-OFDM and DFT-s-OFDM, for example the parameter configuring data scrambling ID for PUSCH; some parameters may be dedicated or can be set as different values for CP-OFDM or DFT-s-OFDM, for example the parameter configuring the maximum rank of PUSCH transmission, the DMRS type configuration since DFT-s-OFDM only supports DMRS type 1, the frequency resource allocation type and etc.. For the parameters, which may has a different values for different waveforms, one method is introducing an additional dedicated RRC parameters in the PUSCH-Config IE for different waveforms. Another method is re-using current parameter for both waveforms, but how to interpret this parameter for different waveform needs to be studied. For example for the frequency resource allocation type configuration, one method is have separate parameters configuring for CP-OFDM and DFT-S-OFDM. Another method is the frequency resource allocation type can only be set as type 1 since DFT-S-OFDM support only type 1 resource allocation. Therefore, we propose that: 
[bookmark: _Hlk130888160]Proposal 4: Support one PUSCH-Config IE to configure the parameters for CP-OFDM and DFT-s-OFDM PUSCH transmission.
Proposal 5: Study how to configure the parameters which may have different values for different waveforms. 

Assistance information for switching waveform 
	FL proposal 3-1: Support reporting of power headroom information applicable to a reference PUSCH using a target waveform different from waveform of actual PUSCH:
· Support at least the case where reference PUSCH has same RB allocation and modulation order as actual PUSCH (FFS: RB allocation not compatible with target waveform)
· FFS: Type of power headroom information (power headroom and/or Pcmax,c)
· FFS: Whether it can be included in same PHR as legacy PH types
FFS: Triggering of information



In RAN1 #112 meeting, a proposal was made on power headroom enhancements to assist the scheduler in determining waveform switching. We support to report the PHR for a target waveform, but how to calculate and report Type 1 PHR for the target waveform may be different for different cases.
For case 1 that there is actual PUSCH transmission of the target waveform overlaps the slot the PHR is reported, the PHR for the target waveform can be calculated based on current specification. Based on current specification, if there are multiple actual PUSCH transmissions overlaps with the slot PHR is reported, a UE provides a Type 1 power headroom report only for the first PUSCH overlaps with the slot the PHR is reported. If the multiple actual PUSCH transmissions corresponding to different waveforms as shown in Fig 1, enhancement on PHR calculation and reporting is needed. To assist gNB on waveform switching, the PCMAX,f,c and/or the PH for CP-OFDM and DFT-s-OFDM can be calculated based on the first actual PUSCH transmission of the corresponding waveform. And the PHR corresponding to different waveforms can be reported to the gNB simultaneously in this case. 
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Fig. 1 Example of actual PUSCH transmissions of different waveforms overlaps the slot as the PHR
For case 2, there is no actual PUSCH transmissions of the target waveform, the PHR corresponding to the target waveform can be calculated based on a reference PUSCH transmission of the other waveform, or based on a virtual PHR. For the method the PHR corresponding to the target waveform is calculated based on a reference PUSCH transmission, we cannot count on the reference PUSCH always has same RB allocation and modulation order as actual PUSCH, since Pi/2 BPSK modulation can only be supported by DFT-s-OFDM and non-consecutive RB allocation can only be supported by CP-OFDM. The RB allocation and the modulation order may be different for the two waveforms. When computing the PHR for the target waveform, these parameters of the actual transmission are interpreted assuming the target waveform. For example, if the frequency allocation scheme for CP-OFDM and DFT-s-OFDM is configured as ‘dynamicSwitch’ and ‘resourceAllocationType1’ respectively, when the transmitted waveform is DFT-s-OFDM and the target waveform is CP-OFDM, the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1 for PHR calculation for CP-OFDM. MCS for the two waveforms is another example. When the MCS table for CP-OFDM and DFT-s-OFDM is configured as ‘qam256’ and ‘qam64LowSE’ respectively, and the value of MCS is 3, Pi/2BPSK is determined based on Table 6.1.4.1-2 in TS 38.214 for PHR calculation for DFT-s-OFDM, and QPSK is determined based on Table 5.1.3.1-2 for PHR calculation for CP-OFDM. 
If the PHR corresponding to the target waveform is calculated based on virtual PHR, current virtual PHR calculation need be enhanced to reflect the PHR difference for different waveforms. For example, different sets of  default MPR, A-MPR, P-MPR, TC needs to be defined for different waveform. For different frequency resource allocation or different modulation schemes the values of PHR can also be updated. Because the actual PHR can reflect the power headroom of different waveforms more accurately and can be changed along with the scheduled information, we think it is better than virtual PHR. Therefore, we propose:
Proposal 6: Power headroom of a target waveform is calculated by:
· an actual PUSCH transmission if there is actual PUSCH transmission of the target waveform overlapping where the slot PHR is reported; or
· a reference PUSCH transmission, which has same values but different interpretation of scheduled parameters as an actual PUSCH transmission if there is no actual PUSCH transmission of target waveform overlapping where the slot PHR is reported

Conclusion
As a summary, we have the following proposals on dynamic switching between CP-OFDM and DFT-s-OFDM:
Proposal 1 : Presence of dynamic waveform indication in DCI format 0_1/0_2 is configured by RRC signaling per DCI format.
Proposal 2 : Don’t support dynamic waveform switching in PUSCH scheduled by DCI format 0_0 or Msg3 PUSCH. 
Proposal 3 : Support Option 2 (per field alignment) for DCI alignment to dynamically switch between DFT-s-OFDM and CP-OFDM.
Proposal 4: Support one PUSCH-Config IE to configure the parameters for CP-OFDM and DFT-s-OFDM PUSCH transmission.
Proposal 5: Study how to configure the parameters which may have different values for different waveforms. 
Proposal 6: Power headroom of a target waveform is calculated by:
· an actual PUSCH transmission if there is actual PUSCH transmission of the target waveform overlapping where the slot PHR is reported; or
· a reference PUSCH transmission, which has same values but different interpretation of scheduled parameters of an actual PUSCH transmission if there is no actual PUSCH transmission of target waveform overlapping where the slot PHR is reported
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