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1.
Introduction

It has been agreed that both OFDM and DFTS-OFDM waveforms are supported for NR UL. This aspect was considered during UL power control discussion in RAN1#88bis and the following was agreed

Agreements:
· …

· gNB is aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms.

· FFS: offset configured/specified, reported, 

· FFS on the details of power control parameters for example, P_c, Max or other open/closed loop parameter

In this document we discuss impact of OFDM and DFTS-OFDM based transmissions on NR uplink power control procedures.
2.
Discussion
When transmitting OFDM-based waveforms, the UE is expected to apply an additional PA back-off, to achieve similar transmitter requirements as that of DFTS-OFDM-based transmissions made using the same PA. Even for LTE, since the PAPR/CM for DFTS-OFDM-based transmissions varies based on modulation order, the UE must apply a PA back-off when transmitting using higher order modulation to achieve the same transmitter requirements as that of QPSK based transmissions. This aspect is addressed by the maximum power reduction (MPR) allowances for UE maximum output power specified in 36.101 (Table 6.2.3-1 in 36.101 reproduced as Table 1 below)
Table 2 – MPR specified for LTE (36.101 Table 6.2.3-1)

	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)
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	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2

	64 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 2

	64 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 3

	256 QAM
	≥ 1
	≤ 5


For NR, a separate set of MPR values can be specified for OFDM based transmissions in addition to the values already present for DFTS-OFDM based transmissions. Since the MPR relaxations taken by the UE are accounted in Pcmax,c computation, the eNB will be aware of  any OFDM specific transmission back-offs used by the UE from the PHRs received from the UE.

In RAN1#88bis and earlier meetings, several other waveform-specific modifications to UL power control were discussed. However, the advantages of additional modifications are not clear and in some cases, the proposed modifications can be disadvantageous. 

For instance, [1] proposes a fixed offset to Pcmax,c. Having one fixed offset will not able to reflect the PA back-off variation based on modulation order, bandwidth and other factors. More importantly, if a UE has a PA that can meet transmitter requirements without needing a back-off for OFDM vs. DFTS-OFDM transmissions, enforcing an offset to Pcmax,c would be disadvantageous to system performance. Given this, the option of adding offsets to Pcmax,c is not preferable. 

In [2], different waveform-based power control parameters were suggested considering the performance difference between OFDM and DFTS-OFDM receivers. Such a configuration (i.e., configuring the UE with two sets of P0 and/or alpha) is applicable only if the UE can be jointly configured for OFDM and DFTS-OFDM based transmissions. Even for such joint configuration case, considering achievable UE transmit power accuracy requirements (+/-2.5dB or worse for LTE), and the variations in performance difference between OFDM and DFTS-OFDM, handling the target SINR difference via TPC commands and appropriate MCS selection is more suitable than configuring the UE with two sets of slightly different P0 values.
3.
Conclusions
In this document we discuss impact of OFDM and DFTS-OFDM based transmissions on NR uplink power control procedures and propose the following
Proposal:  
· For NR, a separate set of MPR values can be specified (in RAN4) for OFDM based transmissions in addition to the MPR values already present for DFTS-OFDM based transmissions. 
· Additional waveform-specific modifications to UL power control procedure are not required.
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