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1. Introduction 

At RAN4 #42b, contribution [4] was submitted containing additions to 36.804 addressing the DL EVM evaluation methodology.  Chebyshev interpolation was considered for the purposes of channel estimation / equalization in the EVM analyzer. The accepted working assumption was using six degrees of freedom for 5MHz BW.  

At RAN4 #43, contributions [6][7] were submitted proposing a different interpolation method utilizing linear averaging. 
In the present contribution, sample results are shown with the two proposed interpolation methods.  
2. Discussion
A new aspect of the LTE EVM definition is the allowance of certain level of linear distortion in the transmitter. The justification for this was that the impact of such distortion will be automatically removed by the channel estimator in the receiver. There is a great variety of possible transmit linear distortion cases but for most of those cases, the distortion would be efficiently removed even by a simplistic channel estimator in the receiver.  Therefore the impact of the various distortion cases would show little difference.  This is true as long as the receiver operates in very high SNR conditions, such as in the case of the EVM test set up.  In practical operating scenarios, the SNR will be often lower, in which case the different distortion cases will have different level of impact on performance even though this is not reflected by the EVM test results.  
To solve this lack of sensitivity in the EVM results, it was agreed to limit the EVM channel estimator capability by restricting the number of estimated channel taps.  The underlying assumption is that as long as the number of channel taps (i.e. degrees of freedom) is small, the estimation could be assumed to be accurate even in low SNR scenarios.  

In this contribution, we study whether the proposed interpolation methods conform to the limited degrees of freedom assumption.  
2.1.  Simulation Results
We want to determine whether either of the proposed method is overly optimistic, i.e. whether they can give a low EVM figure even when the signal waveform quality is poor.  For this purpose, an example ‘bad’ transmit pulse shaping FIR filter was used.   The example filter operates on Chipx4 samples, has a relative sharp roll-off at the guardband and it has a 30dB out of block rejection.  The filter has a 3.7dB passband ripple.  

For both interpolation cases, common simulation assumptions were used as listed below:

Table 1  Simulation Assumptions
	Parameter
	Unit
	Value

	System BW
	MHz
	5

	Numer of Occupied Tones
	
	300

	Guard Tones
	
	212

	Pilot Spacing
	kHz
	45

	Waveform
	
	DL OFDM

	Modulation Format
	
	64QAM

	Power Control
	
	Off

	Traffic to RS Power Density Ratio
	dB
	0

	Time Windowing 
	
	Off

	FIR Passband Ripple
	dB
	3.7

	Received Noise
	
	Off


When using the Chebyshev interpolation with 6 degrees of freedom, we get the result shown in Figures 1 and 2. 
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Figure 1  Transmit Emissions and the FIR Transfer Function for Chebyshev Interpolation
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Figure 2  Channel Estimation Curve Fit with Chebyshev Interpolation

When using the linear interpolation, with a frequency domain averaging length of five pilot tones [7], we get the results shown in Figures 3 and 4 below.  
Note that it is not clearly defined in [7] how the staggered pilots should be processed.  We took the interpretation that is consistent with [4], i.e. all pilot measurements within a subframe were collapsed into a single frequency scale resulting in an effective pilot spacing of three tones.  
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Figure 3  Transmit Emissions and the FIR Transfer Function for Linear Interpolation
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Figure 4 Channel Estimation Curve Fit with Linear Interpolation 
We can observe that Figure 1 and 2 are nearly identical; this is because the curves shown there are not dependent on the interpolation method.    

As it can be seen with comparing Figures 2 and 4, the Chebyshev interpolation cannot track the channel due to the mismatch between the channel coherence bandwidth and the curve fitting degrees of freedom.  At the same time, the linear interpolation more or less tracks the channel even though with some attenuation.  As it can be expected, the same impact also shows in the resulting EVM figures, which are shown in Table 2 below.   
Table 2   EVM Results
	Interpolation Method
	EVM w/o Equalization (%)
	EVM with Equalization (%)
	EVM Pass/Fail

	Chebyshev
	15.8
	15.5
	Fail

	Linear
	15.8
	6.8
	Pass


As it can be seen from Table 2, the test outcome would be expected to be different in the two interpolation method cases.  The Pass/Fail criteria was assumed to be the joint evaluation of 
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 in the w/o equalization case [8] and 
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 in the w/ equalization case for 64QAM.   

There are no set guidelines for deciding whether the chosen example Tx distortion should pass or fail.  However, we believe that transmitters with this example distortion should be failed.  Therefore, in the example case, the Chebyshev interpolation gives the better result.  

The source of the problem with the linear interpolation, as proposed, is that the realized degrees of freedom is more than six. As a matter of fact, the degrees of freedom can be estimated to be 300/3/5=20, which is over three times the value captured in the working assumption.  
2.2. Degrees of freedom in the Other BW Cases

If further evaluation is required in other BW cases (i.e. other than 5MHz), then we propose using the following degrees of freedom restrictions for evaluation.  

Table 3   Degrees of Freedom
	Bandwidth (MHz)
	Number of RBs
	Number of RS Tones
	Degrees of Freedom

	1.4
	6
	24
	3

	3
	15
	60
	5

	5
	25
	100
	6

	10
	50
	200
	12

	15
	75
	300
	18

	20
	100
	400
	24


Note that the values shown in Table 3 are consistent with proportional scaling of the DoF value corresponding to 5MHz, except for a relaxation in the <5MHz cases. 
3. Conclusion

Results have been presented with the previously proposed Chebyshev and simplified linear interpolation methods. It appears that the liner interpolation method, as currently proposed, does not match the working assumption regarding the curve fit degrees of freedom.  
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