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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #111 e-meeting, the following agreements are made for dynamic switching between DFT-S-OFDM and CP-OFDM:
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#110b-e for “Support at least one of the following options for the dynamic waveform indication in R18” 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
Agreement
Study the necessity of the following potential enhancements to assist the scheduler in determining waveform switching:
· Reporting power headroom related information based on PCMAX,f,c 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 PCMAX,f,c 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
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#111 meeting, schemes on dynamic waveform switching for PUSCH transmission was hotly discussed. We think the introduced 1-bit new field in UL scheduling DCI for dynamic waveform indication is simple and flexible. Besides, the increased one bit DCI overhead will not affect the performance much, therefore we propose to confirm the work assumption. 
Proposal 1 : Confirm the Working Assumption of the method on dynamic waveform switching for dynamically scheduled PUSCH transmission.
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 2 : Presence of dynamic waveform indication in DCI format 0_1/0_2 is configured by RRC signaling per DCI format.

Target uplink channel
In RAN1#111 meeting, dynamic waveform switching for dynamically scheduled PUSCH is agreed. Whether the  dynamic waveform switching is applicable to other types PUSCH is FFS.
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 3 : Don’t support dynamic waveform switching applies to PUSCH scheduled by DCI format 0_0 or Msg3 PUSCH.
Two kinds of a CG PUSCH transmission are specified, i.e., type 1 CG PUSCH and type 2 CG PUSCH transmission. Since CG PUSCH is typically used for transmitting critical data, e.g., URLLC, it may have the same issue as dynamic scheduled PUSCH. For type 2 CG PUSCH, as it is activated by a DCI, the method of dynamic waveform switching for dynamic scheduled PUSCH can be re-used for type 2 CG PUSCH, i.e., introducing 1-bit new field in the activation DCI for dynamic waveform indication for type 2 CG PUSCH. 
Generally, at a time, if switching to another waveform is better for a dynamic scheduled PUSCH, it would also be better for a CG PUSCH to switch to the same waveform. We think it has benefits if the waveform of a CG PUSCH transmissions can also be dynamically changed. That is the waveform switching indication can be applied for subsequent CG PUSCH transmission. However, unlike dynamic scheduled PUSCH, CG PUSCH is semi-statically configured by RRC or scheduled by a DCI, the scheduling information may not match the switched waveform since different waveform may support different features. For example, PUSCH transmission of CP-OFDM can support type 0, type 1 or dynamic resource allocation schemes, while PUSCH transmission of DFT-s-OFDM supports only type 0 resource allocation. If the waveform of a type 1 CG PUSCH transmission is configured as CP-OFDM and the resource allocation is configured as type 1, after waveform switched to DFT-s-OFDM the resource allocation scheme doesn’t match the DFT-s-OFDM. Therefore, if dynamic waveform switching is applied to subsequent CG PUSCH transmission, further study is needed on how to support the waveform switching for a CG PUSCH transmission. 
Proposal 4 : Support using the same method as DG-PUSCH for dynamic waveform switching for type 2 CG PUSCH.
Proposal 5 : Support applying the indicated waveform to subsequent CG PUSCH transmissions

DCI size alignment
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. If the method of introducing a new 1-bit field in UL scheduling DCI to dynamically indicate waveform switching is agreed, DCI size shall be aligned between a DCI indicating CP-OFDM and a DCI indicating DFT-S-OFDM. 
There are two methods to align the DCI size. One is the total sizes of a DCI format 0_1/0_2 corresponding to CP-OFDM and DFT-s-OFDM shall be same. If the DCI corresponding to a waveform is with less number of information bits, a number of zero padding bits are generated for alignment. Another method is that the bit width of each field shall be aligned by the maximum width required for indicating for DFT-s-OFDM and CP-OFDM. And for a waveform with less bit width, the MSB of the corresponding field will be reserved. 
Proposal 6 : The size of DCI format 0_1/0_2 is determined by the maximum size required for indicating for 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. 
If a CG PUSCH transmission support waveform switching, some RRC parameters, e.g., a second DMRS configuration, need to be added in a CG configuration. For example, if DFT-s-OFDM is applied to a CG PUSCH, the PUSCH will be transmitted based on the legacy parameters; and if CP-OFDM is applied to the CG PUSCH, the PUSCH will be transmitted based on new added parameters. For dynamic scheduled PUSCH, there can be two options for configuring RRC parameters for different waveforms.
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. In the 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 for CP-OFDM or DFT-s-OFDM, for example the parameter configuring the maximum rank of PUSCH transmission. For some parameters dedicated for a waveform, an additional dedicated RRC parameters needs to be added in the PUSCH-Config IE for different waveforms.  Therefore, we propose that: 
Proposal 7: Study how to configure the parameters for CP-OFDM and DFT-s-OFDM PUSCH transmission.
Proposal 8: Study which RRC parameters are dedicated for CP-OFDM and DFT-s-OFDM. 

Assistance information for switching waveform 
In RAN1 #111 meeting, it is agreed to study power headroom enhancements to assist the scheduler in determining waveform switching. And the PH for the target waveform is proposed to be reported to gNB. We also think it has benefits to report the PHR corresponding to different waveform to assist a gNB’s decision on waveform switching, but how to calculate and report Type 1 PHR for the target waveform needs more study. Type 1 PHR can be an actual PHR, which is based on actual PUSCH transmission, or a virtual PHR, which is based on a reference PUSCH transmission. For a virtual PHR, some of the parameters for calculating a virtual PHR are predefined and is unrelated to waveform, therefore we think enhancement on actual PHR will be enough to assist gNB in determining waveform switching. 
On the PHR calculation for the target waveform, we think it may be different for the case when there is actual PUSCH transmission of the target waveform overlaps the slot the PHR is reported and the case there is no actual PUSCH transmission of the target waveform.
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 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 only actual PUSCH transmissions of the indicated waveform overlaps with the slot PHR is reported but no actual PUSCH transmission of the target waveform, how to calculate the PHR for the target waveform needs to be studied. We think the simplest way is the PHR corresponding to the target waveform is calculated based on a reference PUSCH transmission, which has a different waveform from the actual PUSCH transmission but has same values of scheduled parameters as the actual PUSCH transmission and the interpretation of these scheduled parameters are based on the target waveform. For example, when calculating PHR for target waveform, the parameters are of same values as indicated in scheduling DCI, such as the  FDRA field or the MCS field. If the target waveform is CP-OFDM, the FDRA field may be interpreted based on resource allocation type 0, or type 1 or dynamic scheme and the MCS is interpreted based on a MCS table for CP-OFDM; if the target waveform is DFT-s-OFDM, the FDRA field shall be interpreted based on resource allocation type 0 and the MCS is interpreted based on a MCS table for DFT-s-OFDM.
Proposal 9: Support to report power headroom corresponding to different waveforms to gNB to assist waveform switching.
Proposal 10: Power headroom of a target waveform is calculated by:
· an actual PUSCH transmission if there is actual PUSCH transmission of the target waveform overlapping the slot PHR is reported; or
· a reference PUSCH transmission, which has same values of scheduled parameters of an actual PUSCH transmission if there is no actual PUSCH transmission of target waveform overlapping 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 : Confirm the Working Assumption of the method on dynamic waveform switching for dynamically scheduled PUSCH transmission.
Proposal 2 : Presence of dynamic waveform indication in DCI format 0_1/0_2 is configured by RRC signaling per DCI format.

Proposal 3 : Don’t support dynamic waveform switching applies to PUSCH scheduled by DCI format 0_0 or Msg3 PUSCH 
Proposal 4 : Support using the same method as DG-PUSCH for dynamic waveform switching for type 2 CG PUSCH.
Proposal 5 : Support applying the indicated waveform to subsequent CG PUSCH transmissions
Proposal 6 : The size of DCI format 0_1/0_2 is determined by the maximum size required for indicating for DFT-s-OFDM and CP-OFDM.
Proposal 7: Study how to configure the parameters for CP-OFDM and DFT-s-OFDM PUSCH transmission.
Proposal 8: Study which RRC parameters are dedicated for CP-OFDM and DFT-s-OFDM. 
Proposal 9: Support to report power headroom corresponding to different waveforms to gNB to assist waveform switching.
Proposal 10: Power headroom of a target waveform is calculated by:
· an actual PUSCH transmission if there is actual PUSCH transmission of the target waveform overlapping the slot PHR is reported; or
· a reference PUSCH transmission, which has same values of scheduled parameters of an actual PUSCH transmission if there is no actual PUSCH transmission of target waveform overlapping the slot PHR is reported
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