3GPP TSG RAN WG1 #110bis-e		                                             R1-2208848
e-Meeting, October 10th – 19th, 2022
Item:	8.14.3
Source: 	OPPO
[bookmark: Title]Title:		Supporting of dynamic switching between DFT-S-OFDM and CP-OFDM
[bookmark: DocumentFor]Document for:	Discussion & Decision

Introduction
In further coverage enhancement, one of the tasks is specifying enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM.
In this contribution, we further analyze the scenarios for dynamic switching of different waveforms of UL and discuss how to support the mechanism.
Waveform change 
The waveform is configured in PUSCH configuration. The configured “transformPrecoder” can disabled or enabled to let UE transmit CP-OFDM or DFT-S-OFDM in PUSCH resources. That configuration can only be semi-statically since Rel-15, although it was discussed on other dynamic options.
In current configuration, the transform precoder configuration can avoid additional DCI overhead.  In real deployment, it turns out the UE will be configured with a waveform and cannot easily adapt on geometry.
DCI scheduled PUSCH wave form change
DFT-S-OFDM has advantage of low CM compared with the CP-OFDM. If the transmission power is fixed, both waveforms can achieve similar performance. CP-OFDM could have less overhead since the DMRS can be FMDed with data and results in better resource occupation granularity. However, around 3dB lower CM property of DFT-S-OFDM can allow better coverage when the UE is getting closer to the power limit of its PA. Those power change could happen under condition of UE mobility and channel fluctuation. Power control field is in DCI. The dynamic power control can quicky reach the PA power limit, but the waveform cannot be changed instantly. The reconfiguration of PUSCH to have different waveforms will take much longer time. It makes the waveform change not very useful to adapt in coverage edge in real network. 
DCI scheduled PUSCH is the first case to introduce a dynamically waveform selection. The scheduling DCI can use its fields to indicate waveform. DCI can introduce a new dedicated bit for that transform precoder to replace the RRC configured.
Another possibility of DCI indication is by the existing bits of DCI. For scheduling DCI, several fields can be considered. The resource allocation for time or frequency can be considered. In the time domain resource allocation, it can indicate number of symbols to be occupied. Multiple entries time domain resource allocation can be configured. As a further extension, the “transformPrecoder” can be configured to TDRA entries. 
PUSCH-Config ::=                        SEQUENCE {
………
    resourceAllocation                      ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch},
    pusch-TimeDomainAllocationList          SetupRelease { PUSCH-TimeDomainResourceAllocationList }             OPTIONAL,   -- Need M
………
OPTIONAL,   -- Need S
    transformPrecoder                       ENUMERATED {enabled, disabled}                                      OPTIONAL,   -- Need S
………
}
A “transformPrecoder” added to the “pusch-TimeDomainAllocationList” and replace the above transform precoder configuration. Then, when the TDRA is scheduled the corresponding wave form is selected.
Even with the TDRA with PUSCH repetition, the transform precoder can be configured. It can also be naturally defined that the repetition should always come with transform precoder, e.g., DFT-S-OFDM.
Proposal 1: RAN1 introduce indication of dynamic switching between DFT-S-OFDM and CP-OFDM in PUSCH transmission by existing DCI field, e.g., TDRA.
Each TDRA entry can include a “transformPrecoder” enabled or disabled.
Msg3 PUSCH wave form
For the initial access, Msg3 PUSCH wave form is configured by RACH configuration. It cannot be dynamically determined in the RACH procedure.
RACH-ConfigCommon ::=               SEQUENCE {
………
    msg3-transformPrecoder                  ENUMERATED {enabled}                                            OPTIONAL,   -- Need R
………
}

The RACH configuration is commonly configured in a cell and does not consider individual UE geometry. When UE access the cell, it will use the configured wave form in Msg3, regardless if UE is in the cell edge or cell center. For cell edge UE, it cannot utilize the benefit of DFT-S-OFMA when the cell configured the “msg3-transformPrecoder” to be disabled.
In this perspective, a dynamic mechanism to indicate waveform of Msg3 should also be supported.
Proposal 2: RAN1 introduce indication of dynamic switching between DFT-S-OFDM and CP-OFDM for Msg3 PUSCH.
Conclusion
In this contribution, we discussed the issues how to support the dynamically changed waveforms. We discuss applicable cases and have our proposals:
Proposal 1: RAN1 introduce indication of dynamic switching between DFT-S-OFDM and CP-OFDM in PUSCH transmission by existing DCI field, e.g., TDRA.
Each TDRA entry can include a “transformPrecoder” enabled or disabled.
Proposal 2: RAN1 introduce indication of dynamic switching between DFT-S-OFDM and CP-OFDM for Msg3 PUSCH.
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