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1. Introduction
In RAN4#80Bis MPR for UL 256QAM was discussed in many papers [1-6]. In addition to that, opinions and performance values was commented on line as noted in Chairmen minutes from RAN4#80Bis. There was no agreement and the way forward [8]  provided guidelines for further work.  One aspect of discussion was that Qualcomm and Skyworks proposals [4,5] were based on measurement result where other companies relied on simulation results. Skyworks proposal seemed to be based on one PA and Qualcomm on many PAs.

The difference between proposals was rather high and especially with non-contiguous allocations. It was brought up in the dicussion that used PA models and modelling method may not be sufficiently accurate to predict PA behaviour on very low EVM cases since they vere developped to predict emissions accurately. This paper discusses accuracy between simulations and measurements and provides comparble results.   
2. Discussion

We selected two rather well known PAs for this study. The models have been used in many other work in 3GPP RAN4 earlier and alignement between companies have been rather good.
2.1. Case CA_8B

We took CA_8B co-existence witrh B18 and B19 work as baseline for emission limitted case since it is rather recent 3GPP topic. The simulations and measurements results are shown in table 1. 
Table 1 Simulation and measurement results for CA_8B

	CC1
	CC2
	Measurement
	Simulation
	Delta

	RB start
	Lcrb
	RB start
	Lcrb
	
	
	

	0
	25
	0
	50
	8.5
	9
	-0.5

	0
	25
	0
	36
	6.4
	6.5
	-0.1

	0
	25
	0
	15
	4.9
	5
	-0.1

	0
	25
	0
	0
	3.5
	3.5
	0

	0
	12
	0
	0
	5.1
	4.5
	0.6

	0
	5
	0
	0
	7.1
	6.5
	0.6

	0
	1
	0
	0
	7.8
	9
	-1.2

	6
	1
	0
	0
	6
	6
	0

	13
	12
	0
	8
	0.7
	0
	0.7

	0
	0
	10
	40
	1.6
	1.5
	0.1

	0
	0
	0
	50
	2.5
	2.5
	0

	17
	8
	0
	50
	5
	4.5
	0.5

	5
	20
	0
	50
	6.2
	6.5
	-0.3

	13
	12
	0
	40
	5.1
	5
	0.1


The agreement between simulations and measurements is rather good. Only one data point shows larger deviation than 1 dB and that is the extreme case when only one RB is allocated. 

2.2. UL256QAM EVM
The EVM plots for same PAs used in CA_8B work are shown in following subsections. 

2.2.1. PA1
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Figure 1 PA1 EVM 100 RB
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Figure 2 PA1 EVM with 18 RB
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Figure 3 PA1 EVM 1 RB

Observing figures 1 and 2, we can notice that by the EVM limit of 1.85 % is reached with quite different back off.

Observation1: Simulation and measurement yield different results with low EVM values

We provide measurement results from two different frequencies. The simulation model has no frequency dependency but since band edges do not get any additional relaxation for MPR, MPR should be studied on all frequencies. The frequency dependency of EVM is not very large in general but for the levels below 2 %, the is relatively quite large. 

Observation 2: Simulation models can only predict performance on the frequency where modelling data was taken.

Overall the simulation will provide much more optimistic results than measurement for the same PA. RAN4 has been using simulations to speed up the requriement definition since the amount of testpoint is very large and measurement campaings to go through all of them would take too much time. For any emission limitted case the correlation between measurements and simulations has been sufficiently good.  Ultimatly, we can not provide simulation data for conformance testing but conformance pass/fail criteria is always judged based on measurements. 

We provide PA characterstics for information below.
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Figure 4 AM-AM (a) and AM-PM (b) curves for PA1
2.2.2. PA2  
We also took data from the other PA. We will not write the analysis here since the observations and conclusuion would only be the same as for PA1.
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Figure 5 PA2 with 100 RB
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Figure 6 PA2 EVM with 18 RB
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Figure 7 PA2 EVM with 1 RB
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Figure 8 AM-AM (a) and AM-PM (b) curves for PA2

2.3. Modelling waveforms

To study applicability of models for different waveforms i.e. RB allocations, we use two different waveforms to take the modeling data.

Process in short is such that PA is driven with LTE waveform and output I and Q is captured with analyser. Different power levels are stepped and PA AM-AM and AM-PM is reconstucted by comparing original waveform to captured waveform. In this way, the behavior of PA is captured with signal that has correct bandwidth and PAPR. 

In figure 9, we show simulated EVM of non-contiguous allocation where lowest and highest RB is allocated (RB0 and RB99). The two curves are simulated with same waveforms but with two different models from same PA, the other taken with 18 RBs allocated and the other with 100 RBs allocated.  
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Figure 9 Simulation results with different modelling waveforms

It can be observed that the simulation result depends on what was the waveform that was used to generate the PA model. To mitigat the problem, one could generate a model for each waveform but if the measurement data is available, what would the model be used for then?

Observation 3: PA modelling waveform should correspond to the waveform used in the simulations.  
2.4. Theoretical MPR

During the work for determining MPR for UL 256QAM, we noticed that some of the working procedures may not have been correct. RAN4 agreed in [7] to use a reference point of PA with zero margin for ACLR with 100RB QPSK waveform. This would then be 1 dB MPR condition. However, this condition is for emission limitted device which may not give sufficient reference point for EVM limitted device. In [8] it was shown that EVM and ACLR have direct relations ship in terms of backoff but it depends on the device what is the conversion factor in terms of absolute numbers i.e. what ACLR corresponds to what EVM exactly depends on device. Therefore using emission limitted referencepoitn may not be the correct starting point for studying EVM limitted MPR.  

Observation 4: Emission limitted referencepoint may not be the correct starting point for studying EVM limitted MPR.  

Lets consider that we would have set 64QAM as a referencepoint. PA contribution for 64QAM was 4 % EVM. The difference in SNR to 256QAM 1.85 % is 6.8 dB. If we assume EVM originates from 3rd order intermodulation and since the PA is alreasy in 2 to 3 dB backoff we can assume IM3 scales down by a factor of 3 compared to fundamental and SNR improves by factor of two (since the fundamental is also backed off). To achieve 6.8 dB SNR improvement, 3.4 dB back off is needed. Given that MPR for 64 QAM is 2 and 3 dB depending on RB allocation, MPR for 256QAM should be 5.4 and 6.4 dB.

Observation 5: Using only agreed EVM limitted MPR as reference point, theoretical MPR for 256QAM is 5.4 and 6.4 dB. 

3. Conclusion

Measurement results and simulations results with the same PAs were compared. Three observations were made:
Observation1: Simulation and measurements yield different results with low EVM values.

Observation 2: Simulation models can only predict performance on the frequency where modelling data was taken.

Observation 3: PA modelling waveform should correspond to the waveform used in the simulations.  
To conclude, it is clear that current RAN4 way of modelling PA’s is not sufficiently accurate to predict EVM behavior of the PA reliably.   

We also analysed the theoretical MPR if EVM limitted case would be the reference point. This analysis resulted in to two observations:
Observation 4: Emission limitted referencepoint may not be the correct starting point for studying EVM limitted MPR.  

Observation 5: Using only agreed EVM limitted MPR as reference point, theoretical MPR for 256QAM is 5.4 and 6.4 dB. 
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