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1. Introduction
In RAN WG4 #42bis a TP to TR36.804 [1] was agreed to include the EVM measurement procedure. 
This contribution discusses further details of the EVM definition in [1]. 

Firstly it seems that the minimisation process involved in the EVM definition in [1] does not follow the principle of traditional estimators like the Maximum likelihood (ML) estimator or Least Squares estimator. 

Secondly we propose a simplification of the RMS of the difference between the ideal signal and the received signal.
2. EVM definition
In [1] the basic unit EVM is calculated with
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Z*(t,f) is the result of the following minimisation process 
(2)
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(3)
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The definition of all parameters can be found in [1].

3. Best-fit equations
If all unknown parameters 
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 are assumed to be static for the available set of received data which is used for estimation and if additional Gaussian white noise is assumed, the best fit equations can be derived from the Maximum Likelihood (ML)-criterion. In this case it is important that the ideal signal I(t,f) is corrected by the trial synchronization parameters and the received signal Z’(t,f) is not modified. Nevertheless, since we evaluate the squared magnitude of the error it does not matter if a phase correction e.g. 
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 is applied to the received signal or the ideal signal. But it is important that a gain correction e.g. 
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 is applied to the ideal signal and not to the received signal. This means that Eq. (2) combined with Eq. (3) does not represent the ML solution since the received signal Z’(t,f)  is modified.

A minimisation process following the ML-criterion is therefore proposed by a modification of Eq. (2) and (3):
(2’)

[image: image11.wmf](

)

!

)

,

(

'

)

,

(

2

'

Minimum

f

t

I

f

t

Z

T

t

t

F

f

=

-

å

å

Î

Î


where
(3’)

[image: image12.wmf]{

}

î

í

ì

×

×

=

×

×

D

-

=

¢

-

D

D

-

)

,

(

~

~

2

~

2

)

,

(

~

)

,

(

)

,

(

'

)

~

(

)

,

(

f

t

j

t

f

j

f

j

e

f

t

a

f

t

I

f

t

I

e

e

t

Z

FFT

f

t

Z

j

p

n

p

n


4. RMS definition
The RMS definition in Eq. (1) could be simplified to
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where 
[image: image14.wmf]0

P

 is the average power of the constellations. This simplification is motivated by the fact that for a system which does not use boosting and uses normalized constellations, the expression 
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 will always be very close to 1.

5. Conclusion
In this contribution two points concerning the definition of EVM measurement are discussed:
· the best-fit equations defined in [1] does not give the ML solution for the estimation of the sample timing offset, the carrier frequency offset, the channel amplitude and the channel phase.

To carry out a minimisation process following the ML-criterion the amplitude of the channel coefficient should be multiplied with the ideal signal and not corrected from the received signal.
· the RMS in the EVM definition should be simplified to 
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 in the denominator of Eq. (1).
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