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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 discuss dynamic switching between DFT-S-OFDM and CP-OFDM.
Discussion
1.1     Indication of dynamic switching of UL waveform
During Rel-17 TEI, the following methods were proposed and discussed to support dynamic switching of UL waveform [3]:
	· Alt1: DCI signaling based dynamic UL waveform switching, it could be implicit or explicit 
· Alt1-1: Explicit signaling, e.g. by introducing 1 bit in DCI to indicate CP-OFDM or DFT-s-OFDM waveform to be used for PUSCH
· Alt1-2: Implicit signaling, e.g. CP-OFDM or DFT-s-OFDM waveform to be used for PUSCH is identified by certain condition on the scheduling information in the DCI without changing DCI format. 
· 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.
· Alt2: MAC CE signaling based dynamic UL waveform switching.



[bookmark: _Hlk114919923]We think the above proposed methods can be a start point. From our perspective, we prefer a DCI signalling based UL waveform switching with explicit signalling. It's the most straightforward and effective approach. However, in this case, one bit in DCI is needed to indicate the current waveform. Further discussion is needed to determine whether to reuse some legacy field or introduce a new bit field.
Proposal 1: An explicit DCI signalling based UL waveform switching is preferred. Further discuss to reuse 1 bit of some legacy field or introduce a new bit field.
1.2     PUSCH scheduling and dynamic waveform switching
A PUSCH transmission can be scheduled at least by the following cases:
· Case 1: PUSCH scheduled by RAR UL grant;
· Case 2: PUSCH scheduled by DCI format 0_0;
· Case 3: PUSCH scheduled by DCI format 0_1/0_2;
· Case 4: PUSCH scheduled by CG Type 1;
· Case 5: PUSCH scheduled by CG Type 2 activated by DCI format 0_0;
· Case 6: PUSCH scheduled by CG Type 2 activated by DCI format 0_1/0_2.
We think dynamic waveform switching is at least supported for PUSCH scheduled by DCI format 0_1 and 0_2 (i.e., Case 3) and PUSCH scheduled by CG Type 2 activated by DCI format 0_1/0_2 (i.e., Case 6) since they are directly related to transform precoder. For Case 2 and Case 5, we think they can also be considered to be supported in order to maximum the possible use cases. For other cases, it needs further discussion about whether dynamic waveform switching is supported.
Proposal 2: Dynamic waveform switching is at least supported for the following cases:
· Case 2: PUSCH scheduled by DCI format 0_0;
· Case 3: PUSCH scheduled by DCI format 0_1/0_2;
· Case 5: PUSCH scheduled by CG Type 2 activated by DCI format 0_0;
· Case 6: PUSCH scheduled by CG Type 2 activated by DCI format 0_1/0_2.
1.3     DCI size
The size of DCI 0_1/0_2 is related with transform precoder enabled or not. If dynamic waveform switching is enabled and indicated by DCI, UE may not know the length of the related DCI field including “Precoding information and number of layers”, “Second Precoding information”, “Antenna ports”, “DMRS sequence initialization”. A possible way is to keep the DCI size the same no matter transform precoder is enabled or not, however this may introduce some redundant.
Proposal 3: DCI size determination needs to be considered when dynamic waveform switching is enabled.
Conclusions
In this contribution, we discuss dynamic switching between DFT-S-OFDM and CP-OFDM and have following proposals:
Proposal 1: An explicit DCI signalling based UL waveform switching is preferred. Further discuss to reuse 1 bit of some legacy field or introduce a new bit field.
Proposal 2: Dynamic waveform switching is at least supported for the following cases:
· Case 2: PUSCH scheduled by DCI format 0_0;
· Case 3: PUSCH scheduled by DCI format 0_1/0_2;
· Case 5: PUSCH scheduled by CG Type 2 activated by DCI format 0_0;
· Case 6: PUSCH scheduled by CG Type 2 activated by DCI format 0_1/0_2.
Proposal 3: DCI size determination needs to be considered when dynamic waveform switching is enabled.
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