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1 Introduction
In previous RAN1 meetings, the following agreements were achieved with respect to support of different waveforms including DFT-S-OFDM and CP-OFDM in NR. 
	Agreements:
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform in the uplink. 
· FFS whether different waveforms can be configured for different serving cells for a UE
· Waveform for RACH msg 3 can be DFT-S-OFDM or CP-OFDM. Network signals directly or indirectly RACH message 3 waveform to UE

· The network signals the waveform for RACH msg 3 in the remaining minimum SI as one bit
Agreements:
· For PUSCH (re)transmissions corresponding to a RAR grant, study following alternatives

· Alt.1: The UL waveform(s) is fixed in the specifications

· Note that UL waveform is either DFT-S-OFDM or CP-OFDM
· Alt.2: The NW informs a UE whether to use DFT-S-OFDM or CP-OFDM
· FFS signaling method

· Other alternatives are not precluded

Agreements: 
· NR supports beam specific power control as baseline.

· FFS details especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control

· FFS whether to apply open loop only, closed loop only, or both

· Waveform (CP-OFDM vs. DFT-s-OFDM) specific power control for a UE, e.g., PHR, offset needs to be studied in WI.



RAN1 agreed NR supports DFT-S-OFDM based waveform complementary to CP-OFDM waveform in the uplink transmission. In this contribution, we discuss the reference waveform indication between DFT-S-OFDM and CP-OFDM is needed or not. 
2 Discussion 
RAN1 agreed NR supports the two different waveforms, DFT-S-OFDM and CP-OFDM in the uplink transmission. Even though whether different waveforms can be configured for different serving cells for a UE is still open to discuss, RAN1 already agreed waveform for RACH MSG3 (message 3) can be DFT-S-OFDM or CP-OFDM. Network signals directly using minimum SI as on bit or indirectly RACH message 3 waveform to UE. RAN1 also agreed to study the waveform (CP-OFDM vs. DFT-s-OFDM) specific power control for a UE as well as beam specific power control.
2.1 Uplink waveform of DFT-S-OFDM and CP-OFDM
NR RAN1 agreed to support both DFT-S-OFDM and CP-OFDM differently from LTE which used DFT-S-OFDM only in the uplink transmission. The waveform of CP-OFDM has better spectrum efficiency whereas DFT-S-OFDM has lower PAPR than the other waveform [3]. 
For the initial access using RACH procedure, RAN1 already agreed the waveform for RACH MSG3 can be DFT-S-OFDM or CP-OFDM and can be controlled by network signals directly using minimum SI as on bit or indirectly RACH MSG3 waveform to UE. For UE, both waveform of DFT-S-OFDM and CP-OFDM are mandatory. However, for network (gNB), DFT-S-OFDM can be supported optionally. In this case, network needs to inform the validation of DFT-S-OFDM to UE. As another example, if the cell coverage is larger than the range of CP-OFDM can cover, network can decide DFT-S-OFDM as the waveform of RACH MSG3, otherwise CP-OFDM can be used.

Observation 1: For the initial access, RAN1 agreed the waveform for RACH MSG3 can be DFT-S-OFDM or CP-OFDM, and can be controlled by network using minimum SI as on bit.
After the initial access, for the uplink data transmission in RRC Connected state, the waveform DFT-S-OFDM or CP-OFDM can be chosen according to a variety of factors including cell coverage, required reliability (link budget) and sudden signal drop caused by blockage in beamforming transmission. For instance, if we assume the waveform for PUCCH and PUSCH is decided based on the coverage, the UEs in cell edge can use DFT-S-OFDM whereas the UEs in cell centre can use CP-OFDM. In the other scenario, based on service such as eMBB and URLLC, URLLC which requires higher reliability and low latency may need DFT-S-OFDM for more link budget. Besides of coverage and service issues, if the sudden signal drop happens due to blockage in beamforming transmission, UE need to switch to the DFT-S-OFDM to achieve additional link budget.
 Observation 2: For uplink data transmission, the waveform of DFT-S-OFDM or CP-OFDM may need to be changed according to coverage, required QoS and blockage condition.
2.2 Needs of reference uplink waveform 
As we discussed in [3], CP-OFDM waveform has higher peak-to-average power ratio (PAPR) than DFT-S-OFDM waveform and thus the maximum uplink transmission power, Pc_max, can be varied based on the used waveform of DFT-S-OFDM or CP-OFDM. DFT-S-OFDM has larger value of maximum uplink transmission power, Pc_max. 
However, as long as switching between a CP-OFDM and DFT-S-OFDM is not dynamic, there is no apparent need to have different power control mechanisms as both open-loop power control and closed-loop power control are not waveform-dependent. For instance, legacy LTE has been supported both clustered SC-FDMA and SC-FDMA. Multi-cluster DFT-S-OFDM has higher PAPR than single-cluster DFT-S-OFDM but both utilize same power control mechanism [2]. Therefore, the static, relatively long term, waveform switch can be operated with legacy uplink power control mechanisms just with different Pc_max value according to the used waveform of DFT-S-OFDM or CP-OFDM.
If switching between a CP-OFDM and DFT-S-OFDM is dynamic, for instance depending on the dynamic scheduling of service including URLLC and eMBB, it may require additional indication of waveform switch and applicable maximum uplink transmission power. Even in this case, if gNB has all the information about the waveform applied uplink data transmission, gNB and UE can revise the Pc_max value with implementation.
Proposal 1: According to the waveform of DFT-S-OFDM or CP-OFDM, the maximum uplink transmission power can be varied but can be operable with same power control mechanism.
Proposal 2: RAN2 needs to indicate at least which the waveform of FT-S-OFDM or CP-OFDM is reference waveform for uplink transmission.
3 Conclusion

Observation 1: For the initial access, RAN1 agreed the waveform for RACH MSG3 can be DFT-S-OFDM or CP-OFDM and controlled by network using minimum SI as on bit.

Observation 2: For uplink data transmission, the waveform of DFT-S-OFDM or CP-OFDM may need to be changed according to coverage, required QoS and blockage condition.

Based on the above observations and conclusions, RAN2 is requested to discuss and if possible agree on the following proposal:

Proposal 1: According to the waveform of DFT-S-OFDM or CP-OFDM, the maximum uplink transmission power can be varied but can be operable with same power control mechanism.
Proposal 2: RAN2 needs to indicate at least which the waveform of FT-S-OFDM or CP-OFDM is reference waveform for uplink transmission.
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