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1. Introduction
This contribution proposes MPR value for UL 256 QAM 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. This document is the revision of our contribution R4-165476 [3] reusing the data but providing MPR values based on [2], the revisions are related to the different EVM budget for the PA and the different MPR reference.
2. Discussion
In the last RAN4#80 meeting in Gothenburg multiple contributions addressed UL 256QAM EVM requirements at the system level [1] and partitioning of the EVM budget as well as calibration for MPR proposals [2]. This contribution focuses on the power amplifier contribution. First the agreed EVM budget is discussed in order to calculate overall system behaviour from the PA measured EVM. MPR is then proposed based on PA measurements reusing the simulation assumptions agreements from [2] and referencing to the 18RB QPSK as 0 MPR reference point. Finally the feasibility of supporting UL 256 QAM for the PA considering different bands and bandwidths is discussed. 
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 and ACLR measurement vs output power

2.2.1. EVM and ACLR measurement with 100RB 20MHz channel
As agreed in [2] the EVM and ACLR performance is simulated (measured in our case) using 20MHZ channel with 100RB allocation which allow us to fully reuse the data from a band 41 PA in [3] and the calibration point for MPR is the point for which there no margin to the ACLR specification for the QPSK modulation. 

Figures 1 provides all the needed curves vs output power to derive MPR:

· 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

· QPSK and 256QAM Calculated margins to the specification for:

· EUTRA ACLR (-30dBc)

· UTRA1 ACLR (-33dBc)

· UTRA2 ACLR (-36dBc)

Maximum fixed supply voltage and highest power gain mode were used for the power sweep of this linear PA at room temperature and carrier frequency = 2.565GHz. This PA is designed for a nominal output power of 29.5dBm for maximum power control (MPR=0dB) in QPSK modulation. Furthermore its operation is optimized for Adaptive Power Tracking, and at lower power would only exhibit 16dB of gain and 5dB Noise Figure in such operation.
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Figure 1 : PA and System 256QAM rms EVM and 256QAM and QPSK ACLR margin versus output 
Observation 2

· Re calibrated antenna output power is 23dBm for 0dB ACLR margin on QPSK 100RB measurement, all ACLRs reaches 0dB margin at the same power (within the measurement accuracy)

· 0dB ACLR margin is reached at 22.2dBm for the 256QAM 100RB measurement again with all the ACLRs at the same point within the measurement error.

· 100RB 256QAM PA EVM starts degrading beyond 1.85% rms EVM for output power > 19.8dBm

· Concurrently the system EVM degrades beyond 3.5% rms EVM at the same output power
· MPR is dominated by EVM performance and is 3.2dB versus the 100RB QPSK reference
Extensive measured data are available in [3] with EVM and ACLR for all the modulations (QPSK, 16QAM, 64QAM and 256QAM). All this data show that all ACLRs are strongly correlated as is the EVM. It also shows that the differences between the different ACLR specifications are properly chosen and fit the measurement where 0dB margin is achieved simultaneously by all ACLRS at the same output power. 

2.2.2. MPR addition related to QPSK 18RB waveform.
In [2] it is simply suggested to add 1dB to the MPR number found in previous chapter to reflect the allowed 1dB MPR between an 18RB allocation and a 100RB allocation. This is ignoring the fact that it is stacking extra margins that are not present in real life implementations: as discussed at the end of previous paragraph the different ACLRs (EUTRA, UTRA1, UTRA2) are much closer for the different modulations (QPSK, 16QAM, 64QAM and 256QAM) than the currently specified MPR tables may imply. This is especially the case here as the more stringent 256QAM EVM requirement requires a specific design accounting for both stages load-line and their respective biasing bandwidths.
This is further illustrated in Figure 2 where the worst case ACLR margins are plotted versus output power for the different modulations and RB allocations:

· 18RB QPSK case (dash red curve)

· 100RB QPSK case (plain red curve)

· 100RB 16QAM case (plain green curve)

· 100RB 64QAM case (plain blue curve)

· 100RB 256QAM case (plain purple curve)
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Figure 2 : measured worst case ACLR margin for 100RB QPSK, 16QAM, 64QAM and 256QAM and 10RB QPSK waveforms. 
Observation 3: MPR addition

· For the different 100RB waveforms the 0dB margin is reached for output powers within less of one dB range
· 256QAM and 64QAM 100RB ACRLs are almost equal as CCDFs shown in [3] suggests.

· All ACLR behavior vs output power are very well correlated and the offset can be directly derived from the differences in CCDFs
· The difference between 18RB and 100RB QPSK waveform is 0.5dB
· The total MPR is 3.2dB+0.5dB=3.7dB

For convenience the CCDF for the different 100RB modulations is repeated from [3] in figure 3 below.

As can be noted from figure [2] for ACLR and figure [3] for CCDF very similar behaviour are observed:
· Quasi equivalent 256QAM and 64QAM performance

· Slightly better performance for 16QAM compared to 64 and 256QAM

· A more significant difference between QPSK and 16QAM performance
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Figure 3 : CCDF of 256QAM, 64QAM, 16QAM and QPSK for 20MHz 100RB UL signal.

2.2.3. Proposed MPR for UL 256QAM.

Based on the two above studies of EVM and ACLR measurements for the different UL modulation and RB allocation the following proposal is made:

Proposal: Based on stringent EVM requirements for UL 256QAM the total MPR referred to a 18RB QPSK waveform is 3.7dB
2.3. Feasibility of UL 256QAM support for different bands and bandwidths for the power amplifier 
Concerns have recently been raised on the challenge of supporting UL 256 QAM for different frequencies, bands, cluster of bands. Although we recognize the fact that some of the transceiver contributors do have a frequency dependency we want to re-affirm here that this is not the case for the RF front end parts. In this chapter we will show evidence for this statement.
First as demonstrated in our previous contribution [3], the influence of the amplitude and group delay distortion caused by the TX filters can be ignored as it is fully compensated by the equalization process even in the most extreme band edge case. Thus the EVM and ACLR performance of the front end is entirely dominated by the power amplifier linearity.

The power amplifier degradation in both EVM and ACLR can be fully explained by the power amplifier linearity as defined by the final stage and the first stage load line and their related biasing circuitry designs. 

This is supported by figure 4 below where the very strong correlation of EVM and ACLR is demonstrated by plotting the different UL256QAM 100RB measured ACLRs (EUTRA, UTRA1, UTRA2) in dBc versus the measured rms EVM in dBc (instead of %).
In this case the 1.85% PA rms EVM target in % translates into -34.66dBc. In order to appreciate the fact that this becomes a more stringent requirement since it will have the same integration bandwidth of 20MHz it can compared to the EUTRA ACLR specification of -30dBc. For better readability the plot in figure 4 uses –dBc numbers.
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Figure 4: EUTRA, UTRA1 and UTRA2 ACLR versus rms EVM in dBc
Observation 4
· All three ACLRs have the same behavior and reach their specification limits within the measurement error capability
· Quasi linear correlation exists between rms EVM in dBc and the different ACLRs
Background explanation

· The very good correlation of EVM and ACLR is easily explained by the fact that when the PA compresses both EVM and ACLR values result from 3rd order intermodulation contribution which dominates in this region.
· 256QAM rms EVM becomes the most stringent requirement due to two additive facts:

· EVM target performance is 4.66dB more stringent than EUTRA ACLR

· IMD3 spectrum as more energy in channel than in adjacent channels due to its spectral shape.

This confirms the statement that UL 256QAM EVM performance is indeed a more challenging than ACLR performance for the RF front end but this is independently of the frequency of operation and overall bandwidth to be supported. To clarify even further our statement we do recognize that designing load lines for power amplifiers for larger bandwidths and/or higher frequencies is more challenging due to higher Q requirement but this is already the case for meeting ACLR so again the only difference is the stricter EVM requirement and that difference is independent of frequency and bandwidth. 
To illustrate this figure 5 shows that extremely good EVM can be achieved at high frequency and very large bandwidths by showing UL 256QAM EVM measurement on a WiFi PA across the entire 5GHz WiFi band 
[image: image5.png]rms EVM vs. Power for PA
(Raw Data Indludes Source and Analyzer EVM)

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Power Amplifier Output Power [dBm]





Figure 5
Observation 5: EVM vs frequency

As can be seen from figure 5 same rms EVM can be achieved over a large bandwidth within less than 0.5dB difference in output power which is easily compensated by the output power calibration.
Conclusion:
With exception of band 46 that is FFS due to different waveform as agreed in [2], the RF front end components can be designed to support UL 256QAM modulation in all bands and bandwidths.
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 power amplifier non linearity affects the rms EVM achievable at maximum power thus requiring MPR for both class 2 and class 3 UEs.

Proposal: a 3.7dB MPR is proposed for support of UL 256QAM in class 3 and class 2 UEs when referred to the 18RB QPSK waveform.

Furthermore this contribution provides evidence to the statement that UL256QAM support by the RF front end has no frequency or bandwidths dependencies as EVM has same origin than ACLR, only the more stringent UL256QAM EVM requirement can only be achieved with further power back-off.

Observation: RF front end component can support UL 256QAM for any band or bandwidths.
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