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1. Introduction
The MPR values for pi/2 BPSK with spectrum shaping yet to be determined. In this proposal, we provide results for achievable transmitter power for pi/2 BPSK with spectrum shaping. Based on the results, the MPR values are recommended for pi/2 BPSK with spectrum shaping.
2. MPR values
The MPR values for pi/2 BPSK with spectrum shaping are determined by using the achievable transmit power of 20 MHz reference QPSK waveform operating at 2.3 GHz carrier using LTE PA. 

In Figure 1, we show the PSD of the three methods for a 20MHz system with M=1200 (18 MHz) and a subcarrier spacing of 15 KHz. The polynomial PA model is used here. In Table-1, we compare the Tx output power, ACLR, EVM for pi/2 BPSK with and without spectrum shaping, QPSK with SC-FDMA and OFDM. The results show that pi/2 BPSK with spectrum shaping gives 24.6 dBm output power while the maximum UE PA power is 25 dBm. This waveform has only 0.4 dB output power penalty compared to a constant envelope signal. 

We show that the pi/2 BPSK with spectrum shaping gives nearly 3.0 dB PA gain over QPSK and 1.6 dB gain over pi/2 BPSK without spectrum shaping. Note that Pi/2 BPSK without spectrum shaping gives a limited 1.3 dB power gain over QPSK. The PA back-off is chosen such that ACLR and spectrum mask requirements defined 3GPP is met in all cases. The spectrum mask results are shown in Figure 3. Also, note the reference signal using ZC sequence has low PAPR, and it requires only 0.3 dB PA back-off compared to pi/2 BPSK with spectrum shaping. Therefore, ZC sequence meets the requirements. In a companion contribution, we show that ZC and pi/2 BPSK RS have roughly equal BER for operating SNR below 0 dB which is the operating regime of pi/2 BPSK modulation.
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Figure 1: PSD comparison

	
	Tx power (dbm)
	EVM
	ACLR
	Spectrum mask

	Pi/2 BPSK
	23.0
	3.2 
	-30.5
	Yes

	Pi/2 BPSK with  1+D precoder/shaping
	24.6
	2.4
	-32.7
	Yes

	QPSK
	21.7
	Meets requirement
	-30.86
	Yes

	OFDM
	19.1
	Meets requirement
	-30.4
	yes

	ZC sequence
	24.35
	NA
	-34.54
	Yes


Table 2: ACLR, EVM, Tx power comparison

[image: image2.png]mask

-20

-25

-30

-35

0-1 MHz (30Khz
measurment/B!

M
portion

5-20 MHz

portion

—— 3gpp ref mask
—&— pil2 BPSK 1+D
—— pil2 BPSK
—o—QPSK

—— ZC reference signal

—— pi/2 BPSK 0.26Di+0.93+0.26D

~ —-oFDM

20-2!
port

Axmm

20

25

30




Figure 3: Spectrum Mask

3. MPR values

Proposal-1: Modification to 38.101-1
…………………………………………………………………………………………………………………………

3.1.1 6.2.2      UE maximum output power reduction for FR1
UE is allowed to reduce the maximum output power due to higher order modulations and transmit bandwidth configurations. For UE Power Class 3, the allowed maximum power reduction (MPR) for FR1 is defined in Table 6.2.2-1.
Table 6.2.2-1 Maximum power reduction (MPR) for power class 3 FR1
	Modulation
	MPR (dB)

	
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM PI/2 BPSK
	-2.7
	-2.7

	DFT-s-OFDM QPSK
	≤ TBD
	0

	DFT-s-OFDM 16 QAM
	≤ TBD
	≤ TBD

	DFT-s-OFDM 64 QAM
	≤ TBD

	DFT-s-OFDM 256 QAM
	4.5

	CP-OFDM QPSK
	≤ TBD
	≤ TBD

	CP-OFDM 16 QAM
	≤ TBD
	≤ TBD

	CP-OFDM 64 QAM
	≤ TBD

	CP-OFDM 256 QAM
	≤ TBD


The MPR for PUCCH format 3,4 that uses pi/2 BPSK modulation with spectrum shaping
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