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1. Introduction
RAN4 discussed the EVM requirement at min power in RAN4#79 Nanjing [2] and in RAN4#80 Gothenburg. In this paper, we revisit discussion and update the budgets based on agreed simulation assumptions in [5]. 
2. Discussion

The UE TX EVM has been agreed in [6] to be 3.5 % and assumption of PA budget is 1.85 %. 
2.1. Analysis for minimum power

In [3], we discussed what transmitter impairment requirements need to be tightened and how much to meet 256 QAM EVM. We did not consider PA noise in that analysis. The PA noise contribution to PA over EVM degradation at lowest power levels is shown in Table 1. 

Table 1 PA EVM budget including noise

	256 QAM PA Budget with Noise

	Parameter
	Value
	Unit
	Note

	UE Pout
	-40.0
	dBm
	 

	FE loss 
	1.0
	dB
	 

	PA Pout
	-39.0
	dBm
	 

	PA NF
	10.0
	dB
	 

	PA Gain
	22.0
	dB
	Low Power mode

	Signal BW
	18.0
	MHz
	 

	PA output noise
	-69.4
	dBm
	 

	PA C/N with noise only
	30.4
	dB
	 

	PA C/N without noise
	34.7
	dB
	1.85%

	PA total
	29.1
	dB
	3.53%


Implmentation of new agreements from [5] with PA noise is shown in table 2. 

Table 2 256 QAM transmitter EVM budget

	256 QAM UE level budget

	Source
	dB
	%
	Note

	PA without noise
	34.67
	1.85%
	 

	PA with noise only
	30.45
	3.00%
	Assume 10 dB NF and -40 dBm output power

	IQ Image
	33.70
	2.07%
	 

	LO Phase Noise
	35.00
	1.78%
	 

	Tranceiver C/N
	38.50
	1.19%
	 

	 
	 
	 
	 

	Total
	26.72
	4.61%
	 


It can be observed that transmitter with PA noise taken into account can not meet 3.5% EVM at min power.

Observation 1: PA Noise figure will degrade the EVM at low power levels
To further illustrate the issue we plotted the EVM as a function of UE output power with different PA noise figures. The plot is shown in Figure 1.
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Figure 1 Transmitter EVM as a function of output power for different PA noise figures. 

All the analysed noise figures have an impact on EVM at -40 dBm power. Realistic noise figure is 10 dB at -40 dBm power level. It seems to be that either EVM requirement needs to be relaxed at low power levels or then minimum power requirement changed.

There was a more aggressive set o f PA parameter presented in [7], with gain 15 dB and NF of 5 dB. These may be feasible numbers from PA design point of view but we have not encounered such PA samples nor we have seen specifications PA vendors committing to these number. It is difficult to know what other changes or tradeoffs in the transmitter would be needed to be able to use these kinds of PAs. However, we performed the same analysis using these values and plotted the equivalent curves in Figure 2.
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Figure 2 Transmitter EVM as a function of output power with PA gain 15 dB and including NF 5 dB. 

Even with these aggressive PA values, EVM degradation is visible at power levels > -40 dBm but they prove the obvious conclusion that better PAs perform better.

Observation 2: Transceiver EVM is degraded from 3.5 % due to PA noise figure with UE output power levels below -30 Bm.  
2.2. WCDMA 16QAM EVM
In TS25.101, the EVM is specified in section 6.8.2. There, in Table 6.15, copied also below, the minimum power at which the EVM requirement (17.5% / 14 %) must be met is -30 dBm for 16 QAM. The EVM requirement for WCDMA modulations other than 16QAM includes carrier leakage but for 16QAM carrier leakage is removed. This is the reason why minimum power for lower order modulations is higher. The minimum power for WCDMA is -50 dBm so the 16QAM is allowed 20 dB relaxation for EVM requirement.
Table 6.15: Parameters for Error Vector Magnitude/Peak Code Domain Error

	Parameter
	Unit
	Level

	UE Output Power, no 16QAM
	dBm
	( -20

	UE Output Power, 16QAM
	dBm
	( -30

	Operating conditions
	
	Normal conditions

	Power control step size
	dB
	1

	Measurement period
(Note 1)
	PRACH
	Chips
	3904

	
	Any DPCH
	
	From 1280 to 2560
(Note 2)

	Note 1:
Less any 25μs transient periods

Note 2:
The longest period over which the nominal power remains constant


2.3. Summary

Agreeing a requirement for TX EVM at max power will lead to degeneration of EVM at minimum power regardless of the TX EVM value. This aspect has been recognized also in TS 25.101 for higher order modulations. The requirement for WCDMA UE is more relaxed because linear frequency response is part of EVM analysis where for LTE, EVM is measured after equalizer. 
Based on analysis and WCDMA precedent, we propose that EVM requirement for UL 256QAM is not applicable for output powers below -30 dBm for LTE.

Proposal: EVM requirement for UL 256QAM is not applicable for output powers below -30 dBm for LTE.

3. Conclusion

The challenge of meeting assumed 3.5 % or 4%  EVM for 256QAM at minimum power was discussed. We made two observations:

Observation 1: PA Noise figure will degrade the EVM at low power levels
Observation 2: Transceiver EVM is degraded from 3.5 % due to PA noise figure with UE output power levels below -30 Bm.  
We also discussed WCDMA precedent for higher order modulations. Finally, we concluded with one proposal:
Proposal: EVM requirement for UL 256QAM is not applicable for output powers below -30 dBm for LTE.
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