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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN #94 e-meeting, a new Rel-18 work item on further NR coverage enhancements was approved [1] and updated in RAN #96 [2]. The objective of the work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. Detailed objective for dynamic switching between DFT-S-OFDM and CP-OFDM is listed as follows:
	· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)



In this contribution, we focus on the dynamic switching between DFT-S-OFDM and CP-OFDM.
Discussion
1.1     Indication of dynamic switching of UL waveform
In RAN1 #111 meeting, the following agreement and working assumption were reached in the RAN1 #111[3] to support dynamic switching of UL waveform.
	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



 
According to the above agreement, only the DCI based indication need to be taken into consideration in the future discussion. To support the new 1-bit field from UL scheduling DCI is the most directly method to indicate the waveform switching and the working assumption on it was reached in the last meeting. Therefore, we are fine with the working assumption in general. However, since the DCI size of DFT-s-OFDM and CP-OFDM should be aligned, which will be discussed in the following section, the total size of DCI for supporting the waveform switching may be much larger than current DCI, which will increase the payload and have influence on the coverage performance, even the new 1-bit payload may become the extra burden. Besides, if more waveforms are supported, which depends on the discussion of AI 9.14.2, more bits may be needed for the indication. 
Observation 1: The working assumption, i.e., support new 1-bit field, is a direct and useful method for dynamic waveform indication from UL scheduling DCI but may bring extra burden to the coverage performance.
Observation 2: New 1-bit field may not enough for indicating the dynamic waveform if more waveforms are supported.
[bookmark: OLE_LINK2]Therefore, reusing the existing field in UL scheduling DCI should also be considered for indicating the waveform from this aspect. Considering the reality implement of network and current specs, the configuration of DCI is relative stable in a period and there are reserved/unchanged bits in the existing field that can be used for the implicit indication of waveform, e.g., the LSB/MSB bit of MCS field, the TDRA. And the reused bit for implicit indication of waveform can be flexibly configured with the RRC in advance. 
[bookmark: _Hlk127369487]Proposal 1: Support to reuse the bit in existing field in UL scheduling DCI to implicit indicate the waveform from the prospective of saving the payload of DCI.
[bookmark: OLE_LINK3]And since the parameter fields in the DCI format 0_0 is compulsory and most fields are the basic fields, to decrease the specs impact, we think the dynamic waveform switching should be indicated by DCI format 0_1/0_2.
Proposal 2: Support to adopt the DCI format 0_1/0_2 for indicating the waveform switching.

1.2     DCI size
As it is agreed in RAN1 #110b-e and #111, dynamic waveform switching is applicable to PUSCH scheduled by DCI format 0_1 or 0_2 and the DCI size should be aligned between CP-OFDM and DFT-s-OFDM, otherwise the UE may be confused about some fields since some of the fields are related to whether transform precoder enabled or not, i.e., “Precoding information and number of layers”, “Second Precoding information”, “Antenna ports”, “DMRS sequence initialization”.
[bookmark: OLE_LINK4]Basically, there are two methods for the alignment of DCI size, to align the size per field or per DCI. The principle to define the DCI size is to ensure the total size of DCI equal to the sum of the maximum size of each field for DFT-s-OFDM and CP-OFDM. By aligning the DCI size per field, i.e., the bit width of each field is set to the maximum between the bit width of the field if transform precoding is disabled and the bit width of the field if transform precoding is enabled, it is much easier for UE to detect the corresponding fields and no need to configure the payload of DCI in advance.
Proposal 3: The DCI size of DFT-s-OFDM and CP-OFDM should be aligned on per-field basis, i.e., the size of each DCI field should be aligned to the maximum size of the corresponding DCI of DFT-s-OFDM and CP-OFDM.
1.3     PHR report
The following agreement has been reached in the RAN1 #111.
	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
· 



When the waveform switching happens, since the cubic metric of different waveform is different, the transmission power of the new waveform should be reported to the gNB for reference, i.e., the assistant information about the PHR should be reported. Which means if the waveform switching is happened, the PHR should be triggered at once, and the assistant information can be reported together. Also, the PHR can be used for triggering the waveform switching with assistant information together to help adjust the power level. To simplify the procedure of PHR, the MAC CE, which is how PHR be transmitted in the current specs, should still be used, the assistance information can be included at the same time. The specific content and scheduling of PHR for waveform switching can be further studied.
Proposal 4: Support to transmit PHR along with the assistant information about the power adjustment for waveform switching via MAC CE. 
Conclusions
In this contribution, we discuss dynamic switching between DFT-S-OFDM and CP-OFDM and have following proposals:
Observation 1:
The working assumption, i.e., support new 1-bit field, is a direct and useful method for dynamic waveform indication from UL scheduling DCI but may bring extra burden to the coverage performance.
Observation 2:
New 1-bit field may not enough for indicating the dynamic waveform if more waveforms are supported.
Proposal 1:
Support to reuse the bit in existing field in UL scheduling DCI to implicit indicate the waveform from the prospective of saving the payload of DCI.
Proposal 2:
Support to adopt the DCI format 0_1/0_2 for indicating the waveform switching.
Proposal 3:
The DCI size of DFT-s-OFDM and CP-OFDM should be aligned on per-field basis, i.e., the size of each DCI field should be aligned to the maximum size of the corresponding DCI of DFT-s-OFDM and CP-OFDM.
Proposal 4:
Support to transmit PHR along with the assistant information about the power adjustment for waveform switching via MAC CE.
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