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Discussion
1. Introduction 

This contribution discusses the performance loss due to variations in the level of Tx EVM. 

2. Discussion 

In contribution [1], it was shown that certain error sources create EVM levels that vary across frequencies. As a comparison, in a CDMA system, the same effects might exist but in the receiver the noise increase due to EVM was still evenly distributed among the code channels because of the dispreading operation; in OFDM, there may be systematic variations of EVM across frequency tones, as it was shown in [1].  This raises questions about the method of EVM averaging across frequencies.  The following could be possible averaging methods (among others):
1. Linear average of noise magnitude
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.  This is the simplest method and is the current baseline approach. 

2. Linear average of noise power
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.  This is also a simple method and it is fairly intuitive. It would give exact results in CDMA but it is not precise in the case of OFDM

3. Harmonic mean of noise power  
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 .   The justification of this method is that with a uniform signal power distribution, this would give the exact noise term in the mean SNR; therefore, it would yield the SNR of a matched filter with no ISI.  This is not precise for OFDM, it gives an upper bound. 

4. Equivalent SNR calculation based on capacity (or constrained capacity)   
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.  This usually gives good approximation for OFDM. There are more accurate expressions as well [3], which adjust for coding inefficiencies. 
Obviously, none of the above solutions is perfect. In the following, we’ll discuss the expected impact on throughput in certain cases.  
2.1.   Impact of EVM Variation on Average Throughput

According to the current EVM evaluation methodology, the EVM requirement is set at the level that results in a 5% average throughput loss.  This, by itself, ensures that the contribution of EVM is small relative to all other noise, at least when looking at averages.  For this reason, the level of EVM variations is not going to play a significant role in determining the average throughput loss.  This had been observed based on simulation results in [2].  

We could also consider the fact that the other (non-EVM) noise and interference has also a high level of variation, due to fading, scheduling in the neighbor cell, etc.  Therefore the variations in EVM would not have a noticeable effect.  This justifies assuming uniformly distributed EVM noise across frequencies when determining the EVM requirement.    
2.2.   Impact of EVM Variation on Peak Throughput
Unlike in 2.1 above, here we assume that Tx EVM is the only contributing factor in the received noise.  In addition, we assume Rx EVM of 0%.  

In this case, the EVM variation will lead to some throughput changes, which can be approximated by using method #4 in Section 2.  

In the following, we show some very simple simulation results.  EVM variation across frequencies will be modeled as a linear slope in noise power.  There were five cases chosen, which are shown in Figure 1.  In all cases, the average EVM noise power was assumed to be identical.  
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Figure 1  EVM Distribution across Tones used in Example Cases
The throughput loss corresponding to the five cases in Figure 1 was determined using 16QAM constrained capacity.  The resulting throughput loss is shown in Figure 2 below.   The 16QAM constrained capacity is shown in Figure 3.  
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Figure 2  Throughput Loss/Gain as a function of Rx SNR
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Figure 3  16QAM Constrained Capacity 
As it can be seen, there is some throughput gain instead of loss in some cases. This is due to the fact that in those tones where the EVM is below the average, the SNR can significantly increase. This increase was infinite in the simulated worst case (Case 5) but in practical cases, this of course cannot occur due to an EVM floor.  
Since the EVM variation can cause as high as 30% throughput difference, it is probably best to use the constrained capacity version of method #4.  On the other hand, the biggest differences occur in arguably corner case scenarios, therefore the linear averaging method (method #2) might be also deemed satisfactory.     
3. Conclusion

When determining the EVM requirement, it is reasonable to consider EVM as a flat noise source.  

When measuring EVM, constrained capacity based averaging of EVM power across frequencies seems an adequate solution to account for EVM variations.  
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