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1. Introduction
This contribution discusses the power amplifier UL 256 QAM EVM performance at low output powers and the contribution of the noise floor. based on RAN4#80 way forwards R4-166953 [1] reflecting the agrement on maximum allowable system rms EVM of 3.5% and R4-163954 [2] on the agreed EVM buget and MPR simulations it is proposed that the UL 256QAM rms EVM of 3.5% is not specified all the way down to the -40dBm minimum output power. This document is the revision of our contribution R4-165476 [3] reusing the EVM data but using the system EVM agreed in [1] and the EVM budget from [2].
2. Discussion
In the last RAN4#80 meeting in Gothenburg two contributions [3], [4] addressed UL 256QAM EVM behaviour at low power. At such low output powers the PA output noise floor due to the amplified thermal and excess noises becomes a significant contributor to the rms EVM performance as calculated in [3]. This contribution focuses on the power amplifier contribution and uses the agreed EVM budget to calculate overall system behaviour from the PA measured EVM. Based on this measured performance a minimum output power down to which the 3.5% EVM specification is mandated is proposed.
2.1. Agreed EVM budget and split between PA and rest of transmitter.
Based on [1] which sets the maximum system level rms EVM for UL 256QAM at 3.5% and the consensus EVM budget partitioning from [2] a PA vs rest of transmitter rms EVM target is derived.
Table 1 shows the agreed EVM budget considering first all transmitter contributors but the PA then, adding the PA, the resulting overall system EVM.
Table 1: EVM budget for the system and split between PA and rest of transmitter
	
	EVM
	SNR [dB]
	EVM^2

	TRX
	1.19%
	-38.49
	1.42E-04

	Image
	2.06%
	-33.72
	4.24E-04

	PH noise
	1.78%
	-34.99
	3.17E-04

	Syst-PA
	2.97%
	-30.54
	8.83E-04

	PA
	1.85%
	-34.66
	3.42E-04

	Syst
	3.50%
	-29.12
	1.23E-03


Observation 1: Based on the agreed EVM partitioning from [2]
· System EVM is 3.5%

· PA EVM target is 1.85%

· Rest of transmitter EVM target is 2.97%
In the rest of this contribution the overall system EVM performance will be derived from the measured PA EVM by properly adding the 2.95% contribution from the rest of the transmitter.

2.2. PA EVM measurement at low output power

2.2.1. PA EVM modeling at low output power

As already demonstrated in [3] the rms EVM increase at low power is easily explained by the extra contribution of the amplified thermal and excess noises. This is easily modelled by the power amplifier small signal gain and noise figure.

Table 2 shows rms EVM calculations for two cases:
· PA gain of 28dB, a Noise Figure of 4dB and an EVM floor of 0.4% rms
· PA gain of 16dB, a Noise Figure of 5dB and an EVM floor of 0.5% rms

The calculations use a 20MHz bandwidth and assumes 4.5dB post PA losses.

Assumptions are fully validated by small signal measurements of power amplifiers in band 1, 5, 7 and 41 that yield:

· Maximum gain mode with Gain range of 29 to 30dB and NF range of 4 to 4.5dB

· Minimum gain mode with Gain range of 15.5 to 17dB and NF range of 4 to 5.5dB

· Minimum gain is used at low powers either with a gain step or using APT

Table 2 provides both the calculated PA EVM and the system EVM by properly adding the 2.97% EVM of the transceiver
Table 2: PA system EVM versus output power calculated with PA gain and NF

	Pout [dBm]
	-45.0
	-42.0
	-39.0
	-36.0
	-33.0
	-30.0
	-27.0
	-24.0
	-21.0
	-18.0
	-15.0
	-12.0
	-9.0

	28 dB Gain and 4dB Noise Figure at min power

	output Noise [dBm]
	-73.5
	-73.5
	-73.5
	-73.5
	-73.5
	-73.5
	-73.5
	-73.5
	-73.5
	-73.5
	-73.5
	-73.5
	-73.5

	Noise+ PA EVM
	-73.4
	-73.4
	-73.3
	-73.1
	-72.8
	-72.2
	-71.2
	-69.6
	-67.6
	-65.3
	-62.6
	-59.8
	-56.9

	Noise+ SYST EVM
	-71.4
	-69.9
	-68.0
	-65.7
	-63.1
	-60.3
	-57.4
	-54.4
	-51.4
	-48.5
	-45.5
	-42.5
	-39.5

	PA only EVM
	4%
	2.7%
	1.9%
	1.4%
	1.0%
	0.8%
	0.6%
	0.5%
	0.5%
	0.4%
	0.4%
	0.4%
	0.4%

	tot EVM
	5%
	4.0%
	3.5%
	3.3%
	3.1%
	3.1%
	3.0%
	3.0%
	3.0%
	3.0%
	3.0%
	3.0%
	3.0%

	16 dB Gain and 5dB Noise Figure at min power

	output Noise [dBm]
	-84.5
	-84.5
	-84.5
	-84.5
	-84.5
	-84.5
	-84.5
	-84.5
	-84.5
	-84.5
	-84.5
	-84.5
	-84.5

	Noise+ PA EVM
	-83.6
	-82.9
	-81.7
	-80.1
	-77.9
	-75.4
	-72.7
	-69.9
	-66.9
	-64.0
	-61.0
	-58.0
	-55.0

	Noise+ SYST EVM
	-74.9
	-72.2
	-69.3
	-66.4
	-63.4
	-60.4
	-57.4
	-54.4
	-51.4
	-48.4
	-45.4
	-42.4
	-39.4

	PA only EVM
	1%
	0.9%
	0.7%
	0.6%
	0.6%
	0.5%
	0.5%
	0.5%
	0.5%
	0.5%
	0.5%
	0.5%
	0.5%

	tot EVM
	3%
	3.1%
	3.1%
	3.0%
	3.0%
	3.0%
	3.0%
	3.0%
	3.0%
	3.0%
	3.0%
	3.0%
	3.0%


Observation 2: rms EVM at low power

· At maximum gain mode the <3.5% system EVM specification cannot be maintained for output powers below -36dBm.

· In low gain mode the <3.5% system EVM specification can be fulfilled for output powers down to -40dBm
2.2.2. PA and system EVM measurement with 100RB 20MHz channel
Reusing the measured PA EVM data from [3] and properly adding the transceiver budget of 2.97% from [2] the system EVM can be calculated and compared to the 3.5% rms specification.

Figures 1 provides multiple EVM curves versus output power around the minimum power region:

· Measured 256QAM PA rms EVM corrected for the 0.4% rms EVM floor of the measurement setup
· Calculated 256QAM System rms EVM adding transceiver contribution to PA corrected value

· Calculated 256QAM PA EVM accounting for thermal and excess noise from table 2 (max gain mode)
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Figure 1 : PA and System 256QAM rms EVM at low output power, measured vs calculated 
Observation 2

· The maximum 3.5% rms EVM specification cannot be maintained all the way down to -40dBm
· The modelled PA rms EVM perfectly matches the measured PA behavior.
2.3. Proposed power range for UL 256QAM EVM test
The good accordance between the PA model and the measured data at maximum gain confirms the modelling approach and thus low gain mode of the PA should allow meeting the 3.5% EVM across the whole dynamic range. Nevertheless such low gain mode cannot be mandated and accounting for different PA implementations gain and noise figure together with their process and temperature variations it is reasonable that some power amplifier implementations would not be able to meet the required 3.5% maximum rms EVM for output powers below -30dBm.

Proposal: the 3.5% maximum UL 256QAM rms EVM limit is only tested for the output power range equal or above -30dBm.
3. Conclusion
256QAM modulation measurements were conducted on a band 41 power amplifier in [3] and revised here based on way forward [2]. It is demonstrating that amplified thermal and excess noise by power amplifier affects the rms EVM achievable at minimum output power, it is proposed here to only measure the UL 256QAM rms EVM for ouput power equal and above -30dBm
Proposal: the 3.5% maximum UL 256QAM rms EVM limit is only tested for the output power range equal or above -30dBm.
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