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In Further NR coverage enhancements WI, the following objective has been identified [1]:
	· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)


In the contribution, we present our views on dynamic switching between DFT-s-OFDM and CP-OFDM for PUSCH transmission. Our views on PRACH coverage enhancement and power domain enhancement are described in our companion contributions [2] and [3], respectively. 
Dynamic switching between DFT-s-OFDM and CP-OFDM 
Waveform indication for PUSCH transmission 
In the existing specification, PUSCH transmission can be configured with either DFT-s-OFDM or CP-OFDM waveform via RRC signalling. In general, for cell edge UEs with poor channel conditions, it is more appropriate to utilize DFT-s-OFDM waveform for PUSCH transmission for better coverage due to low PAPR. On the contrary, for cell center UEs with high SNR, CP-OFDM waveform is more beneficial given the fact that it can support UL MIMO with high rank transmission so as to provide high data rate and improve system capacity. 
When PUSCH is scheduled by DCI format 0_0, the default waveform type configured by msg3-transformPrecoder is applied for the PUSCH transmission. Note that when different waveform type is configured by msg3-transformPrecoder and transformPrecoder, respectively, certain level of dynamic switching between DFT-s-OFDM and CP-OFDM is already supported to some extent if different DCI format, i.e., fallback and non-fallback DCI formats, are used to schedule PUSCH transmission.
To fully exploit the benefit of DFT-s-OFDM or CP-OFDM waveform for PUSCH transmission in a timely manner, dynamic switching of waveform type can be supported for PUSCH transmission. In particular, the following options can be considered to enable dynamic switching between DFT-s-OFDM and CP-OFDM waveforms:
· Option 1: Explicit indication in the DCI format 0_1 and 0_2
· Option 2: Implicit determination
· Option 3: MAC CE based indication
For Option 1, one bit field can be included in the non-fallback DCI, i.e., DCI format 0_1 and 0_2 to indicate whether DFT-s-OFDM or CP-OFDM waveform is used for PUSCH transmission. This simple solution can enable dynamic switching for each time when gNB schedules a PUSCH transmission via DCI format 0_1 and 0_2, which allows full flexibility on the waveform selection for PUSCH transmission. 
For Option 2, specific conditions or a combination of conditions can be defined to implicitly determine which waveform is applied for the corresponding PUSCH transmission. Some of the conditions may include MCS, FDRA, transmission rank, or repetition level for the scheduled PUSCH. For instance, when lower MCS, single rank or certain number of PRB allocations, or more than one repetitions are indicated in the DCI, DFT-s-OFDM waveform can be implicitly determined; otherwise, CP-OFDM can be determined for the scheduled PUSCH. 
It is evident that this option may help reduce the signaling overhead compared to Option 1 and Option 3. This implicit method, however, may not be desirable given the fact that this would pose certain restriction on the gNB scheduler. Note that the aforementioned conditions including lower MCS, single rank or certain number of PRB allocations may apply for both DFT-s-OFDM and CP-OFDM waveform. For this option, gNB needs to take all these conditions into account to make an appropriate decision on the selection of waveform for PUSCH transmission, which may make dynamic switching feature impractical in the real deployment. 
For Option 3, explicit indication in the MAC CE can be used to indicate the waveform that will apply for the subsequent PUSCH transmissions. In general, certain application time is needed for the UE to switch from one waveform to another. For instance, 3ms MAC CE processing delay is normally assumed after UE transmits PUCCH carrying HARQ-ACK in response to the PDSCH with dynamic switching indication. Note that using MAC CE based indication would lead to additional delay for dynamic switching between DFT-s-OFDM and CP-OFDM waveform, which may not be flexible from scheduling perspective compared to DCI based indication.  
Based on the discussions above, considering the specification effort and implementation complexity, in our view, Option 1 should be supported for dynamic switching between DFT-s-OFDM and CP-OFDM waveform. In particular, one bit field in the DCI format 0_1 and 0_2 can be used to indicate whether DFT-s-OFDM and CP-OFDM is used for PUSCH transmission. Note that it may not be preferrable to further increase the payload size for DCI format 0_0. In this regard, for PUSCH scheduled by DCI format 0_0, the existing mechanism for waveform type indication can be reused.
Proposal 1:
· Existing mechanism for waveform indication is reused when PUSCH is scheduled by DCI format 0_0. 
Proposal 2:
· Explicit waveform indication for dynamic switching between DFT-s-OFDM and CP-OFDM is included in the DCI format 0_1 and 0_2. 

Waveform indication for Msg3 PUSCH
For Msg3 PUSCH initial transmission or retransmission, whether DFT-s-OFDM or CP-OFDM waveform is applied is determined according to configured parameter msg3-transformPrecoder. In Rel-17 NR coverage enhancement WI, repetition is supported for Msg3 PUSCH during 4-step RACH procedure, which mainly aims to improve the coverage. Note that for cell edge UEs that need coverage enhancement, it is expected that DFT-s-OFDM waveform can be employed so as to provide better coverage for Msg3 transmission. 
However, even for UEs with poor channel conditions, UE still needs to follow the cell-specifically configured parameter msg3-transformPrecoder to determine the waveform type. In case the network configures CP-OFDM waveform as default waveform type, this would certainly degrade the Msg3 performance for these UEs. 
To improve the reliability of Msg3 transmission, it may be more beneficial to incorporate each UE’s own channel conditions, instead of relying on cell specific parameter, to determine the waveform type during 4-step RACH procedure. Hence, in our view, similar to the PUSCH transmission scheduled by non-fallback DCI, dynamic switching between DFT-s-OFDM or CP-OFDM waveform can be considered for Msg3 transmission. 
Proposal 3:
· Dynamic switching between DFT-s-OFDM and CP-OFDM can be considered for Msg3 PUSCH.

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on dynamic switching between DFT-S-OFDM and CP-OFDM for PUSCH transmission. Further, we summarize the proposals as follows:
Proposal 1:
· Existing mechanism for waveform indication is applied when PUSCH is scheduled by DCI format 0_0. 
Proposal 2:
· Explicit waveform indication for dynamic switching between DFT-s-OFDM and CP-OFDM is included in the DCI format 0_1 and 0_2. 
Proposal 3:
· Dynamic switching between DFT-s-OFDM and CP-OFDM can be considered for Msg3 PUSCH.

References
1. [bookmark: _Ref104412084][bookmark: _Ref81496943][bookmark: _Ref64378400][bookmark: _Ref47206669][bookmark: _Ref30840956][bookmark: _Ref20730972][bookmark: _Ref16193927][bookmark: _Ref6926730][bookmark: _Ref7107393][bookmark: _Ref521318726][bookmark: _Ref524340861][bookmark: _Ref510774888][bookmark: _Ref3884257]RP-220937, “New WI: Further NR coverage enhancements”, China Telecom, December 2021
1. [bookmark: _Ref101508684]R1-2209078, “Discussions on PRACH coverage enhancement”, Intel Corporation, August 2022
1. [bookmark: _Ref112748558]R1-2209079, “Discussions on power domain enhancement”, Intel Corporation, August 2022



7/7
