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1 Introduction

There is a WI agreed in RAN #96 [1] on further NR coverage enhancements in R18, the detail is given as follows:
	The detailed objectives of the work item are as follows:
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
·  Study and if necessary specify following power domain enhancements

· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)

·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)


In this contribution, we provide our views on the enhancement of dynamic switching between DFT-s-OFDM and CP-OFDM.
2 Discussion
In legacy specification, two waveforms (DFT-s-OFDM and CP-OFDM) are supported for UL transmission to facilitate the advantages of different waveforms in different scenarios. For example, if a UE is at cell centric, a PUSCH can be transmitted with CP-OFDM for higher throughput; if a UE is at cell edge, a PUSCH can be transmitted with DFT-s-OFDM since it provides a better coverage due to a higher power efficiency. However, in legacy system, the switching between CP-OFDM and DFT-s-OFDM is via RRC reconfiguration. Due to the large delay of RRC reconfiguration, the configured waveform cannot fit the changing of state of the channel well. Therefore, dynamic switching  between CP-OFDM and DFT-s-OFDM was supported in RAN #96[1].
In R15/16/17, for configured grant PUSCH transmission, multiple CG configurations can be configured to a UE in the active BWP. Some CG configurations can be for CP-OFDM PUSCH transmission and some CG configurations can be for DFT-s-OFDM PUSCH transmission. Therefore, switching between different waveforms for a CG PUSCH transmission can be supported implicitly by current standards. For a PUCCH transmission, different formats of the PUCCH are of different waveforms. Specifically, PUCCH F3 and PUCCH F4 is of DFT-s-OFDM waveform, PUCCH F0, F1 and PUCCH F2 is of CP-OFDM waveform. At least for UCI transmission on PUCCH including HARQ-ACK information, the waveform of UCI can be implicitly changed by the PRI field in DCI. Only waveform switching for dynamically scheduled PUSCH suffers from large RRC reconfiguration delay. Therefore we think enhancement for dynamic switching between DFT-s-OFDM and CP-OFDM is only needed for dynamically scheduled PUSCH transmission.
Proposal 1: Clarify the WID that dynamic switching between DFT-s-OFDM and CP-OFDM is only for dynamically scheduled PUSCH transmission.
For PUSCH transmission with different waveforms, different RRC parameters can be configured to fit with the waveform. For example, the frequency domain resource allocation type for DFT-s-OFDM can only be set as type 1 while the resource allocation for CP-OFDM can be set as type 0, type 1 or dynamic. 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. There can be two options for configuring RRC parameters for both CP-OFDM and DFT-s-OFDM.
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, the PUSCH-Config IE includes some parameters dedicated for DFT-s-OFDM and  some parameters dedicated for CP-OFDM.
In option 1 more than one PUSCH-Config IEs can be provided for a UE. It is simpler and has the most flexibility. But option 1 may have large specification impact 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, the parameter configuring codebook or non-codebook based PUSCH transmission and so on; some parameters may be dedicated for CP-OFDM or DFT-s-OFDM, for example the parameter configuring the resource allocation type, parameter configuring the maximum rank of PUSCH transmission and so on. For option 2, an additional set of dedicated RRC parameters needs to be added in the PUSCH-Config IE. For example, if the indicated waveform is CP-OFDM, a UE will transmits PUSCH based on the legacy set of dedicated RRC parameters; if the indicated waveform is DFT-s-OFDM, a UE will transmits PUSCH based on the new added set of dedicated RRC parameters Therefore, we propose that: 
Proposal 2: Study how to configure the parameters for CP-OFDM and DFT-s-OFDM PUSCH transmission.
Proposal 3: Study which RRC parameters are dedicated for CP-OFDM and DFT-s-OFDM. 
On dynamic switching between CP-OFDM and DFT-s-OFDM, DCI level switching and MAC-CE level switching can be considered. 
Option 1: For DCI level waveform switching, one new field can be added in DCI format 0_1/0_2 to explicitly indicate the scheduled PUSCH transmission is CP-OFDM or DFT-s-OFDM. Specially, the new field could be configured by gNB, i.e., per UE or per DCI format. When decoding a DCI, a UE needs to determine the bit width of each field in the DCI based on RRC configurations. Since different RRC parameters may be configured for a PUSCH transmission with DFT-s-OFDM and CP-OFDM, how to determine the bit width of some fields in the DCI shall be determined since the bit width of a field can’t change along with the indicated waveform. We think the simplest method is that the bit width of some fields shall be reserved 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. 
Option 2: For MAC-CE level waveform switching, if a UE receives a MAC-CE for indicating or updating the waveform, the waveform will be applied to all the PUSCH transmissions after an application time until the UE receive another MAC-CE updating the waveform. The MAC-CE may update the waveform of PUSCH transmission in a BWP of a carrier, or the MAC-CE may update the waveform of PUSCH transmissions in one or more BWPs of one or more carrier simultaneously to save the overhead and reduce the latency. Since the UE knows the waveform of PUSCH transmission before receiving scheduling DCI, the DCI needs no enhancement compared to option 1. 
Therefore, in order to support dynamic switching between CP-OFDM and DFT-s-OFDM, we propose that:
Proposal 4: Study the signaling mechanism for dynamic switching between CP-OFDM and DFT-s-OFDM.
3 Conclusion
As a summary, we have the following proposals on dynamic switching between CP-OFDM and DFT-s-OFDM:

Proposal 1: Clarify the WID that dynamic switching between DFT-s-OFDM and CP-OFDM is only for dynamically scheduled PUSCH transmission.
Proposal 2: Study how to configure the parameters for CP-OFDM and DFT-s-OFDM PUSCH transmission.

Proposal 3: Study which RRC parameters are dedicated for CP-OFDM and DFT-s-OFDM. 
Proposal 4: Study the signaling mechanism for dynamic switching between CP-OFDM and DFT-s-OFDM.
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