[bookmark: _Hlk491845607]3GPP TSG-RAN WG4 Meeting #101-e				    	R4-2118078
Electronic Meeting, November 01-12, 2021

Agenda Item:	9.4.2
Source:		IITH, IITM, CEWiT, Reliance Jio, Tejas Networks
Title:	Power measurements of pi/2 BPSK waveform with   spectrum shaping
Document for:	Discussion and decision 
1. Background

A new SI was approved by RAN to initiate a study on pi/2 BPSK uplink power enhancements starting with RAN4#99-e. Some agreements from RAN4#99e are as follows
Perform link level simulations using the following configurations
	Parameter
	Value

	Pulse shaping filter
	Filter configuration conforms to 38.101-1

	Channel model
	TDL-C300ns, TDL-A30, TDL-D30

	MCS
	0


	Waveform
	DFTS OFDM with pi/2 BPSK filtered by same filter as for Rel-16 DMRS

	# of DMRS symbols/slot
	2

	# of data symbols/slot
	12

	# of RBs
	[2, 4, 8, 16, 64]

	TX/RX configuration
	1TX/4RX

	BW
	100 MHz

	UE speed
	3 km/h

	SCS 
	30 kHz

	HARQ configuration
	No retransmissions


· Initial study to focus on filter configurations defined as per 38.101-1, section 6.4.2.4.1
· Interested companies can do subsequent studies that focus on other filter configurations 
· All companies to initially study 1 PA designs
· Interested companies can subsequently study multi-PA designs 
· For initial studies where filters conforming to 38.101-1, section 6.4.2.4.1 are analyzed current EVM equalizer spectral requirements remain unchanged
· Subsequent studies using other filter configurations modifications to EVM equalizer spectral requirements can be considered
In this contribution we perform several measurements with a commercial PC2 PA on pi/2 BPSK waveform with spectrum shaping and identify the power limits of this waveform.  

2. Power measurements 
We conducted measurements using a commercial PC2 PA. The experimental set up is as follows:
Vector Signal Analyzer
(MXA SA N9020B)
Signal Generator
(MXG VSG N5182B)

Power Amplifier
(PC2)






IQ samples (with required modulation and waveform) are fed into the signal generator which upconverts and generates a RF signal at 3.5 GHz. This signal is then sent to a commercial PC2 PA IC (which contains the PA, TDD switch, band pass filter and a coupler) which amplifies the signal. This signal is then analyzed in VSA for the received power, ACLR and other RF characteristics. The power measurements are done at the output of the antenna port of the commercial PC2 PA IC. The current consumed by the power amplifier is also monitored. 

	Power class of the PA
	PC2

	Band support
	N78

	Rated Gain
	30-32 dB
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[bookmark: _Ref85656187][bookmark: _Ref85656182]Figure 1: Output power of the PA versus Input power to the PA.
In  Figure 1, the Output power is plotted as a function of input power for CP-OFDM waveform with QPSK modulation, DFT-S-OFDM waveform with QPSK modulation, and DFT-s-OFDM waveform with Pi/2 BPSK with spectrum shaping using a 2-tap 1+D filter. We see that the gain is about 32 dB and the saturation level is about 32 dBm.  The vertical dotted lines in the plot show the IP1dB compression points. 
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Figure 2: The left figure shows the ACLR for the upper end of the spectrum and the right figure shows the ACLR fort the lower end of the spectrum.  
In Figure 2, the ACLR is plotted for the different modulations as a function of the Output power.  We make the following observations. The measurements capture ACLR, performance when a pi/2 BPSK and QPSK modulation with DFT-s-OFDM and a QPSK CP-OFDM waveform are driven close to saturation.
1. For the ACLR limit of 31 dB, we see that the maximum output power of QPSK CP-OFDM is about 25.5 dBm. 
2. For the ACLR limit of 31 dB, we see that the maximum output power of QPSK DFT-s-OFDM is about 29.2 dBm. 
3. For the ACLR limit of 31 dB, we see that the maximum output power of Pi/2 BPSK with 2-tap (1+D) spectrum shaping is about 31.8 dBm. 
Hence, we observe a gain of 6 dB by Pi/2 BPSK modulation with two tap (1+D) spectrum shaping over CP-OFDM and 2.5 dB gain over QPSK modulation with DFT-s-OFDM waveform. 
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[bookmark: _Ref85658290][bookmark: _Ref85658270]Figure 3: Current consumption for various modulations.
In  Figure 3, the current consumption is plotted as a function of the Input power. We see that the current consumption of Pi/2 BPSK (2-tap shaping) is very close to QPSK transmission even when close to saturation.  
From the above measurements it is clearly seen that pi/2 BPSK can reach close to 32 dBm power level at the output of PA while still satisfying the ACLR constraints of the 3GPP specification. 

Proposal: pi/2-BPSK DFT-s-OFDM reference waveform can achieve 32 dBm transmit power using single Tx while satisfying the ACLR constraints. 
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