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1. Introduction
In the previous RAN1 meetings, the following agreements has been made on the format of MAC PDU
	· 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


In specification 38.802, it has also been specified that 
In this contribution, based on the previous agreements in RAN 1, we discuss the waveform modification of UEs in NR.
2. NR waveform modification
In LTE, the use of waveform in the DL and UL are CP-OFDM and DFT-S-OFDM, respectively.  The reason for the difference between the DL and UL is due to the capability related to PAPR for UE and eNB. In NR, however, due to the technological progress in reducing PAPR, it has been agreed that both DFT-S-OFDM and CP-OFDM shall be used in the UL. 
However, DFT-S-OFDM and CP-OFDM have their own pros and cons. In terms of spectrum efficiency, CP-OFDM is better. On the other hand,   DFT-S-OFDM is better than CP-OFDM in terms of coverage. In NR, it has been agreed that one bit shall be included in the minimum SI to indicate the waveform to be used in msg3 during the RACH procedure.  This one bit is mainly determined by the size of the coverage area for the cell: if the range of the cell is large, DFT-S-OFDM shall be used; if not, CP-OFDM is used. 
After the RACH procedure, the channel conditions for the data transmission may change due to the movement of the UE and various other factors. Hence, under certain scenarios, it might be necessary to switch between the two waveforms with respect to the channel condition and the characteristics of the waveforms. Hence, we need to consider how to modify the waveform during the uplink data transmission of the UEs.
Observation 1: Solution needs to be proposed for the switching between DFT-S-OFDM and CP-OFDM in the UE’s UL transmission.
For the switching between the two waveforms, we think there are two possible options that NR can consider:

Option (a): design a new waveform modification MAC CE in NR 

Option (b): design RRC message for the waveform modification

Comparing these two methods, option (a) has definite timing for the switching between the two waveforms and the time required for the modification is shorter than that of RRC message. On the contrary, for RRC message, the timing between the command for the modification is triggered and the command is transmitted in the air interface is not definite.  Moreover, similar issues related to the distance to the eNB is also based on MAC CE, such as the timing advance command. Hence, based on the above discussions, we make the following proposal for the modification of waveforms in the UE’s UL transmission.
Proposal 1: In NR, the modification of the waveform should be done by the design of a new MAC CE.
It should be noted that there can also be other methods for the dynamic waveform modification by the physical layer, such as DCI command. However,
DCI for the dynamic modification requires much more overhead and only applies for the case where the channel condition changes very fast. On the other hand, modifying the waveform by the higher layer commands requires lower overhead and applies to the case where the channel variation is not high.
3. Conclusion
In this contribution, we have discussed the methods for the modification of the waveforms in the NR. We make the following observations in this regard:

Observation 1: Solution needs to be proposed for the switching between DFT-S-OFDM and CP-OFDM in the UE’s UL transmission.
Based on the above observations, the following proposals have been made:
Proposal 1: In NR, the modification of the waveform should be done by the design of a new MAC CE.
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