3GPP TSG-RAN WG4 NR AH Meeting 2
R4-1706616
Qingdao, China, 27 - 29 June 2017
Source: 
Skyworks Solutions, Inc.
Title: 
ACLR or EVM MPR Limitation for Above 24GHz NR UE and BS
Agenda Item:
3.2.5
 ACLR and ACS 
[NR_newRAT]
Document for:
Approval
1. Introduction
In RAN4#83 meeting NR ACLR for above 24GHz UE and BS were agreed in [1], this agreement is an important step to understand the power class definition and MPR for different NR waveforms. This contribution makes further proposals for UE ACLR definition, discusses EVM limited cases for UE.
2. Discussion
This contribution makes further UE ACLR definition proposal beyond agreement in [1], and discusses EVM limited cases for UE. It is provided for alignment of MPR results across companies and is hopefully leading to significant progress on a common understanding of power class definition and PA back-off requirements across waveforms for above 24GHz NR operation.
For ease of reading please find the abbreviations used in this document:

· MBW: Measurement Bandwidth (for ACLR measurements)

· CHBW: Channel Bandwidth

· TXBW: Transmission Bandwidth configuration of fully allocated RB in UL

· maxCHBW: Maximum Channel Bandwidth (of a given band)

2.1. PA Linearity Assumptions, 0dB MPR Waveform
Since there is no strict SAR requirement for mm-waves as compared to sub-6GHz frequency range, there is no specific output power limit for the transmitter paths used in the beam forming architecture. As such, the 0dB MPR waveform only serves as a reference and negative MPR can still be reported as power boost options. To better gage the PA operating point at mm-wave and compare it to legacy LTE and sub-6GHz NR, it is proposed to use fully allocated 100MHz DFT-s-OFDM QPSK waveform as 0dB MPR waveform. It is understood that this will result in power boost options for some partial allocations and lower PAPR waveforms.
Proposal 1: 0dB MPR waveform for above 24GHz NR UE
· Use QPSK DFT-s-OFDM fully allocated RB (135RB, 60KHz SCS) as the 0dB MPR target
· Lower PAPR waveforms can still be evaluated and used by reporting power boost option
2.2. Applicable ACLR Targets for UE and BS
2.2.1. Single Carrier Operation
The agreement in [1] is as follows:

· BS ACLR: 28dBc for 30GHz and 26dBc for 45GHz frequency range respectively

· UE ACLR: 17dBc for 30GHz and 16dBc for 45GHz frequency range respectively

Although this provides common targets, it does not fully characterize the ACLR specification and specifically the measurement bandwidth.
Measurement Bandwidth for mm-wave NR ACLR

As the number of maximum allocated RB is not fixed, the TXBW cannot be strictly defined for NR and the ACLR MBW should be redefined. It is also clear that even if the minimum number of RB per channel BW could be used, this number is not constant versus SCS and corresponds to a different BW. To alleviate this issue, it is proposed to use a constant ACLR MBW for NR which is equal to the CHBW.
Proposal 2: ACLR measurement Bandwidth for NR is equal to NR channel bandwidth for all single carrier NR channel bandwidths

2.2.2. Multiple CC Operation
As discussed in [4] for sub-6GHz using measured results, using an ACLR MBW=transmit BW for multi CC UL transmission, results in increased MPR without true system justification as the probability that adjacent channels are used by a multi CC signal is very low. This holds true at mm-wave and alternatively using a measurement BW = NR maxCHBW in any given above 24GHz band can result in negligible MPR for high transmission bandwidths, we thus propose the following:
Proposal 3: For multi CC UE UL operation
· NR ACLR MBW = NR maxCHBW of the given band
· ACLR1 is 30dB

· Additional ACLR2 requirement is FFS
2.3. EVM Limited Waveforms for mm-wave NR
To the contrary of sub-6GHz NR UE and LTE where most of the waveforms used have their output power limited by ACLR requirements with only UL256QAM as an exception, above 24GHz NR may see more waveforms being EVM limited due to a lower ACLR requirement, in particular for the UE. It is proposed here that LTE legacy EVM targets are a starting point for both CP-OFDM and DFT-s-OFDM waveforms evaluation. 
When comparing ACLR performance and EVM, one can simply look at ACLR in dB and corresponding EVM SNR. In fact in band SNR is usually >1dB higher than ACLR as the IMD spectrums peaks at the channel center as illustrated in Figure 1.
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Figure 1: IMD3 and IMD5 peaking in the channel center
Based on this and assuming a conservative 1dB higher in-band SNR compared to ACLR, the following EVM limitation in Table 1, can be deducted for the different agreed above 24GHz ACLRs 
Table 1: MPR limitation (ACLR and/or EVM) per modulation type

	
	
	Modulation order and EVM SNR [dB]

	
	
	Pi/2 BPSK
	QPSK
	16QAM
	64QAM
	256QAM

	ACLR type
	ACLR [dB]
	<15?
	15
	18
	22
	29

	30GHz BS
	28
	ACLR
	EVM

	45GHz BS
	26
	ACLR
	EVM

	30GHz UE
	17
	ACLR?
	ACLR/EVM
	EVM

	45GHz UE
	16
	ACLR?
	ACLR/EVM
	EVM


Observation 1:

· For BS above 24GHz only 256QAM modulation is EVM limited

· For UE above 24GHz:

· 16QAM/64QAM/256QAM modulations are EVM limited

· QPSK modulation is marginal on being ACLR or EVM limited

· Depending on EVM target PI/2 BPSK could be the only ACLR limited case
Based on Observation 1, in order for the UE case to be such that PI/2 BPSK modulation is ACLR limited, an EVM target of >22.5% (13dB SNR) is required. Also, it might be useful to revisit QPSK EVM target to determine if it is possible to have similar MPR for ACLR and EVM. Given this analysis, we propose using the EVM targets in Table 2 for above 24GHz NR UE evaluation. We encourage companies to provide their view on the use of PI/2 BPSK and expected PAPR and EVM targets. It is suggested that PI/2 BPSK EVM is chosen so this waveform is not EVM limited if it can be justified by link level simulations.
Table 2: EVM target per modulation for NR MPR simulations

	Modulation
	EVM
	SNR (dB)

	PI/2 BPSK
	[>22.5]%
	[<13]

	QPSK
	[17.5]%
	[15.1]

	16QAM
	12.5%
	18.1

	64QAM
	8%
	21.9

	256QAM
	3.5%
	29.1


Proposal 4: for NR above 24GHz UE
· Use Table 2 EVM targets for both CP-OFDM and DFT-s-OFDM waveforms

· Companies are encouraged to provide their view on the use of PI/2 BPSK, expected PAPR and EVM based on link level simulations
· Similarly, companies are encourage to provide their view on relaxing EVM target for QPSK in the spirit of ensuring that MPR is minimized and dictated by ACLR 
3. Conclusion

In this contribution we have analysed potential MPR limitations due to either ACLR or EVM for above 24GHz UE and BS. Further detailed ACLR and 0dB MPR waveform definition is provided:

Proposal 1: 0dB MPR waveform for above 24GHz NR UE

· Use QPSK DFT-s-OFDM fully allocated RB (135RB, 60KHz SCS) as the 0dB MPR target

· Lower PAPR waveforms can still be evaluated and used by reporting power boost option
Proposal 2: ACLR measurement Bandwidth for NR is equal to NR channel bandwidth for all single carrier NR channel bandwidths

Proposal 3: For multi CC UE UL operation
· NR ACLR MBW = NR maxCHBW of the given band

· ACLR1 is 30dB

· Additional ACLR2 requirement is FFS
Studying both ACLR and EVM requirements the following observation and proposal are made:

Observation1:

· For BS above 24GHz only 256QAM modulation is EVM limited

· For UE above 24GHz:

· 16QAM/64QAM/256QAM modulations are EVM limited

· QPSK modulation is marginal on being ACLR or EVM limited

· Depending on EVM target PI/2 BPSK could be the only ACLR limited case

Proposal 4: for NR above 24GHz UE
· Use Table 2 EVM targets for both CP-OFDM and DFT-s-OFDM waveforms

· Companies are encouraged to provide their view on the use of PI/2 BPSK, expected PAPR and EVM based on link level simulations

· Similarly, companies are encourage to provide their view on relaxing EVM target for QPSK in the spirit of ensuring that MPR is minimized and dictated by ACLR 
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