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1. Introduction
In RAN4#84, ACLR and EVM behavior at the low back-off anticipated for NR FR2 was investigated on a sub-6GHz PA [1]. In this contribution a similar study is now based on 28GHz PA measurements.
2. Discussion
2.1. 28GHz PA Measurements
Table 1 lists a set of fully allocated NR waveforms measurements performed on a prototype 28GHz PA. It provides power capability at rated ACLRs and EVM:

· Sub-6GHz NR 30dBc ACLR for reference, 28dBc ACLR for NR BS and maximum reachable ACLR (input drive limited)
· Measured EVM is raw EVM with limits: 35% Pi/2 BPSK, 17.5% QPSK, 12.5% 16QAM and 8% 64QAM

Table 1: ACLR and EVM vs Pout for NR waveforms

	
	
	
	Sub-6GHz UE
	FR2 BS
	FR2 UE
	FR2 UE

	Waveform
	Channel BW-RB allocation-SCS 
	Pout/EVM at 30dBc ACLR
	Pout/EVM at 28dBc ACLR
	Pout/ACLR/EVM
at min ACLR
	Pout/ACLR/EVM
at EVM limit

	DFT-s-OFDM
	Pi/2 BPSK
	200MHz-256RB0-60kHz
	8.6dBm/8.3%
	8.4dBm/8.4%
	10.1dBm/20dBc/14.8%
	ACLR limited

	
	
	200MHz-128RB0-120kHz
	8.8dBm/8.2%
	8.8dBm/10%
	10.3dBm/24dBc/14.9%
	ACLR limited

	
	QPSK
	100MHz-128RB0-60kHz
	7.7dBm/7.2%
	8.5dBm/8.9%
	10.7dBm/22dBc/15.4%
	probably EVM limited

	
	
	200MHz-256RB0-60kHz
	6.3dBm/6.7%
	7.1dBm/7%
	9.5dBm/20dBc/16%
	probably EVM limited

	
	
	200MHz-128RB0-120kHz
	6.5dBm/7.6%
	7.3dBm/9.3%
	9.4dBm/23dBc/15.8%
	probably EVM limited

	
	
	400MHz-256RB0-120kHz
	6.3dBm/7.2%
	7.1dBm/7.9%
	9.5dBm/22dBc/15.2%
	probably EVM limited

	
	16 QAM
	200MHz-256RB0-60kHz
	5.3dBm/7.2%
	6.0dBm/8.6%
	9dBm/21dBc/17.8%
	7.3dBm/25dBc/13.2%

	
	
	200MHz-128RB0-120kHz
	5.2dBm/9.2%
	5.8dBm/11.5%
	EVM limited
	5.8dBm/28dBc/11.5%

	CP-OFDM
	QPSK
	100MHz-132RB0-60kHz
	5.7dBm/12%
	6.5dBm/14.6%
	8.7dBm/25dBc/18.7%
	8.7dBm/25dBc/18.7%

	
	
	200MHz-264RB0-60kHz
	4.5dBm/10%
	5.3dBm/12.2%
	7dBm/24dBc/17.5%
	7dBm/24dBc/17.5%

	
	
	200MHz-132RB0-120kHz
	4.5dBm/9.5%
	5.5dBm/12.1%
	7.7dBm/23dBc/19.75%
	7.4dBm/24dBc/18.2%

	
	
	400MHz-264RB0-120kHz
	4.5dBm/10%
	5.4dBm/12.4%
	7dBm/24dBc/17.3%
	7dBm/24dBc/17.3%

	
	16 QAM
	200MHz-264RB0-60kHz
	4.5dBm/9.7%
	5.4dBm/14.25%
	EVM limited
	5.4dBm/28dBc/14.25%

	
	
	200MHz-132RB0-120kHz
	4.4dBm/10%
	5.3dBm/12.3%
	EVM limited
	5.3dBm/28dBc/12.3%

	
	64 QAM
	200MHz-264RB0-60kHz
	4.4dBm/10%
	5.3dBm/12.2%
	EVM limited
	3.6dBm/32/8.3%

	
	
	200MHz-132RB0-120kHz
	4.2dBm/8.5%
	5.4dBm/12.2%
	EVM limited
	3.9dBm/30dBc/8.5%


First, it should be noted that this design being targeted at linear operation the drive level is not sufficient to reach either Pi/2 BPSK EVM limit or UE ACLR limit of 17dBc. Similarly that design sees about 1dBm linear output reduction for channel bandwidths above 100MHz. 

Also raw EVM measurement is pessimistic as the equalizer and can improve EVM significantly.
Still, these measurements allow making a number of observations:

· DFT-s-OFDM QPSK waveforms have about 3dB higher output power capability than CP-OFDM similar to sub-6GHz case.
· CP-OFDM QPSK/16QAM/64QAM have very similar ACLR and EVM behaviour (same PAPR).
· For UE, the only waveform that is ACLR limited is DFT-s-OFDM Pi/2 BPSK, and QPSK case is probably EVM limited.
· For BS, QPSK CPOFDM is ACLR limited, 16QAM CP-OFDM is marginal and 64QAM CP-OFDM is EVM limited. Note that linearization techniques in BS should allow to make all waveforms ACLR limited.
Table 2 lists the ACLR or EVM limitation for BS and UE based on above observations.

Observation 1: The following limitation per waveforms are observed for NR FR2 UE and BS

Table 2: ACLR/EVM limitation per waveforms

	waveform
	modulation
	UE
	BS

	DFT-s-OFDM
	Pi/2 BPSK
	ACLR
	N-A

	
	QPSK
	ACLR/EVM
	

	
	16 QAM
	EVM
	

	CP-OFDM
	QPSK
	EVM
	ACLR

	
	16QAM
	EVM
	ACLR/EVM*

	
	64QAM
	EVM
	EVM*

	* linearization techniques in BS should result in ACLR limitation


2.2. Preliminary MPR Findings for UE
Since almost all waveforms are EVM limited, the MPR table will be different than for NR FR1 UE case. The only waveform that might benefit from inner allocation is PI/2 BPSK, however at best is already a 0dB MPR case.

MPR between QPSK, 16QAM, 64QAM and between DFT-s-OFDM and CP-OFDM being driven by EVM the MPR will not be uniquely driven by PAPR, but by the EVM target specification which, to the contrary of ACLR, is not constant versus modulation.
Observation 2 for UE MPR: 
· Distinction between outer and inner RB allocation may not result in MPR differences for NR FR2.
· MPR difference between waveforms other than Pié2 BPSK being driven by EVM, LTE or NR FR1 MPR behavior cannot be reused.
· Since there are EVM limitations for most cases, it would be useful to tighten ACLR in some cases which will benefit OOB emissions. 

3. Conclusion
This contribution provides an ACLR and EVM behaviour measurements of a 28GHz PA with a set of NR waveforms. The following observations are made:
Observation 1: The following limitation per waveforms are observed for NR FR2 UE and BS

Table 2: ACLR/EVM limitation per waveforms

	waveform
	modulation
	UE
	BS

	DFT-s-OFDM
	Pi/2 BPSK
	ACLR
	N-A

	
	QPSK
	ACLR/EVM
	

	
	16 QAM
	EVM
	

	CP-OFDM
	QPSK
	EVM
	ACLR

	
	16QAM
	EVM
	ACLR/EVM*

	
	64QAM
	EVM
	EVM*

	* linearization techniques in BS should result in ACLR limitation


Observation 2 for UE MPR: 
· Distinction between outer and inner RB allocation may not result in MPR differences for NR FR2.
· MPR difference between waveforms other than Pié2 BPSK being driven by EVM, LTE or NR FR1 MPR behavior cannot be reused.

· Since there are EVM limitations for most cases it would be useful to tighten ACLR in some cases which will benefit OOB emissions. 
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