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Introduction
In RAN#94-e-bis a WF was agreed [1] to further evaluate the possibility of MPR enhancement for the new waveform configuration of pi/2 BPSK DMRS with pi/2 BPSK data (PBD).  This paper presents the results of these findings and proposes MPRs for the new waveform. 
Discussion

Simulations indicate that MPR relaxations are achievable using spectrum shaping guidelines in section 6.4.2 of TS38.101. This filtering is transparent to the network and the selection of the filtering coefficients is left to the user’s discretion. A UE vendor would ideally design the filtering to optimize its device performance. A given design may have a set of filter coefficients that are unique to it.
Observation 1: A UE is not required to meet pi/2 BPSK performance requirements with all possible filter coefficient sets. 

Using the methodology outlined in [2] the following results were obtained.  The below figure illustrates the MPR margin for a PC3 BW=15MHz, SCS=15kHz, filter coeffs=[-0.3 1 -0.3] waveform with 1 pi/2 BPSK DMRS symbol and Pi/2 BPSK data compared to a reference QPSK waveform [3]
[image: ]

Figure1 – PC3 PBD waveform MPR margin to reference MPR0 (BW=15M, SCS=15kHz, Filt coeffs=[-0.3 1 -0.3])

Figure 1 illustrates that for this PBD waveform the output power is approximately 0.45dB more than for the FR1 reference waveform at MPR0. This indicates that for this PBD waveform an MPR=0 is feasible for edge, outer and inner allocations. Other PBD waveforms with different BW, SCS SRB/LCRB combinations exhibited similar results. Figure 2 illustrates the normalized frequency profile of two filters used in this analysis.
[image: ]
Figure 2 – Frequency profile of 2 filters having time domain coefficients of [-0.1 1 -0.1] and [-0.3 1 -0.3]
 PC3 measurements conducted on a typical FR1 PA corroborate the positive gain margins seen in simulation for these waveforms.
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Figure3 – PC3 QPSK waveform output power margin to reference MPR0 (BW=10M, SCS=30kHz)
Figure 3 illustrates the gain margin to MPR0 of a QPSK waveform having 1 symbol of Zadoff-Chu DMRS. The -1dB MPR is in line with the MPR specification for QPSK PC3 waveforms.
Comparison of PC2 performance also shows similar results to PC3 and is presented below in figure4. The MPR required for the QPSK waveform is between 1 and 1.6dB for edge and outer allocations.
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Figure -4a                                                                   Figure -4b
Figure 4a – PC2 PBD waveform output power margin to reference MPR0 (BW=15M, SCS=15kHz,                             Filt coeffs=[-0.3 1 -0.3])
Figure 4b -PC2 QPSK waveform output power margin to reference MPR0 (BW=15M, SCS=15kHz)

Based on our simulation results it is proposed that the MPRs for PBD waveforms for PC3 with  IE powerBoostPi2BPSK=0 be set to zero for all RB allocations. For PC2 edge allocations the MPR can be reduced by 2.5 dB to 1.0dB and for outer and inner allocations the MPR can be set to 0. For consistency we feel that the PC3 MPR values with IE powerBoostPi2BPSK =1 should also be set equal to the corresponding PBD PC2 values. Tables 1 and 2 present the proposed PC3 and PC2 MPRs for Pi/2 BPSK with Pi/2 BPSK DMRS waveforms.
[bookmark: _GoBack]Proposal 1: Set PC3 MPR values for Pi/2 BPSK with  Pi/2 BPSK DMRS waveforms in table1 with IE powerBoostPi2BPSK=1 to the corresponding Pi/2 BPSK with  Pi/2 BPSK DMRS PC2 waveform values given in table 2.
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.51
	≤ 1.21
	≤ 0.21

	
	
	≤ 0.52
	≤ 0.52
	02

	
	Pi/2 BPSK w Pi/2 BPSK DMRS
	≤ 1.01
	≤ 0.01
	≤ 0.01

	
	
	≤ 0.02
	≤ 0.02
	02

	
	QPSK
	≤ 1
	0

	
	16 QAM
	≤ 2
	≤ 1

	
	64 QAM
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5

	NOTE 1:	Applicable for UE operating in TDD mode with Pi/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and if the IE powerBoostPi2BPSK is set to 1 and 40 % or less slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79. The reference power of 0 dB MPR is 26 dBm.
NOTE 2:	Applicable for UE operating in FDD mode, or in TDD mode in bands other than n40, n41, n77, n78 and n79 with Pi/2 BPSK modulation and if the IE powerBoostPi2BPSK is set to 0 and if more than 40 % of slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79.



Table 1 – Proposed MPR table for FR1 PC3
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.5
	≤ 0.5
	0

	
	Pi/2 BPSK w Pi/2 BPSK DMRS
	≤ 1.0
	≤ 0.0
	0

	
	QPSK
	≤ 3.5
	≤ 1
	0

	
	16 QAM
	≤ 3.5
	≤ 2
	≤ 1

	
	64 QAM
	≤ 3.5
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3.5
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5



Table 2 – Proposed MPR table for FR1 PC2

Proposal 2: The MPR for edge, outer and inner RB allocations for Pi/2 BPSK with  Pi/2 BPSK DMRS waveforms for FR1 PC3 operation are as indicated in table 1
Proposal 3: The MPR for edge, outer and inner RB allocations for Pi/2 BPSK with  Pi/2 BPSK DMRS waveforms for FR1 PC2 operation are as indicated in table 2
Conclusion
This contribution presents the MPR results based on simulations described in the WF [1].  Based on these simulation results the following proposals are made:
Observation 1: A UE is not required to meet pi/2 BPSK performance requirements with all possible filter coefficient sets. 
Proposal 1: Set PC3 MPR values for Pi/2 BPSK with  Pi/2 BPSK DMRS waveforms in table1 with IE powerBoostPi2BPSK=1 to the corresponding Pi/2 BPSK with  Pi/2 BPSK DMRS PC2 waveform values given in table 2.
Proposal 2: The MPR for edge, outer and inner RB allocations for Pi/2 BPSK with  Pi/2 BPSK DMRS waveforms for FR1 PC3 operation are as indicated in table 1
Proposal 3: The MPR for edge, outer and inner RB allocations for Pi/2 BPSK with  Pi/2 BPSK DMRS waveforms for FR1 PC2 operation are as indicated in table 2
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