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1. Introduction

Since the start of the LTE eNB EVM discussion at RAN4#38, several working assumptions regarding the EVM eNB measurement methodology have been agreed [5].
Following the agreed text proposal in the TR [5], it seems that the timing offset 
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 of the TX-RX chain are jointly estimated by minimizing the following cost function
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with the signal under test denoted as 
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and the ideal signal denoted as 
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. With this definition, the linear phase shift 
[image: image8.wmf]t

f

j

e

~

2

D

p

per subcarrier due to the timing positioning of the receive FFT window is compensated separately and is not incorporated in the estimated channel coefficients. 
The above definition allows for equalizing (zero-forcing) linear distortions caused by the TX filter of the eNB. However, it was also agreed that it is beneficial to limit the degrees of freedom (the exact number is FFS) of this frequency domain equalizer in order to limit the allowable apparent time dispersion and frequency selectivity, respectively, caused by transmitter imperfections [6], and to reduce the computational complexity for calculating the equalizer coefficients.  Since the equalization would be already part of the channel estimation and channel compensation process in the UE receiver it would model a realistic operating scenario [7].  The degrees of freedom of the equalizer directly influence the equalizer’s ability to remove the influence of the TX filter (an equalizer with a small number of degrees of freedom would only partially remove the distortion of a highly frequency selective filter and, hence, this would result in a higher EVM value). 
In order to model a practical UE receiver implementation, a polynomial approximation of the estimated channel transfer function has been agreed. However, the details are still FFS and in the past different interpolation methods have been proposed. One proposal assumes sinc-interpolation [7], another a Chebychev polynomial [8] to fit the amplitude and phase response of the TX filter independently, another proposal assumes averaging of DL Reference Signal (RS) symbols combined with linear interpolation [9].
2. Discussion

The current working assumption of jointly estimating the described parameters while constraining the method and the accuracy on how to estimate the coefficients of the channel transfer function seems to be problematic. Neither an analysis about the complexity of implementing such an approach nor an analysis if such an approach would give more accurate results (compared to a separate estimation approach, for example) has been presented so far. The reduced degrees of freedom and the method used for interpolation (polynomial, linear, etc.) will obviously introduce errors in the estimated channel coefficients even in the noise-free case. It is not clear how such constraint would impact the convergence of the joint estimation. 
Contribution [9] tries to simplify the measurement procedure by keeping the estimated and interpolated channel coefficients constant across one subframe. Even though the attempt to reduce the computational complexity is highly desirable, it is unclear how this method should work with the joint estimation approach. The estimated channel coefficients would then highly depend on the starting values of  
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for the minimization process. 

Moreover, it seems that the current working assumption, i.e., the minimization equation,  lacks the estimation and compensation of the sampling rate offset. This compensation is assumed to be important for a practical OFDM receiver.
Also, no RAN4 contribution has so far discussed the issue if the so-called  common phase error should be compensated from the EVM analyser. It should be clarified if a practical UE LTE receiver would be able to compensate for this error.
Another issue of concern is the current working assumption of  applying a polynomial function to approximate the channel transfer function of the eNB filter. The interpolation method should be applicable to all system bandwidths without increasing the complexity for calculating the interpolated channel coefficients. This seems to be not the case for a polynomial approximation. Moreover, a polynomial approximation of the filter function could potentially favour eNB filters which are designed in such a way. 

In summary, in order to reduce the computational complexity of the EVM measurement and to define a consistent measurement procedure, it is therefore proposed to decouple the estimation procedure (as long as it is not shown that it is feasible and beneficial to apply a joint estimation procedure) for the different parameters (pre-FFT and post-FFT) and to apply linear interpolation (for amplitude and phase separately) with reduced degrees of freedom.

The exact degrees of freedom and the time-frequency grid over which the estimated channel coefficients could be averaged (e.g., in [9] it is proposed to use a moving average window) is FFS. However, given the current working assumption to keep the interpolated channel coefficients constant within one subframe, it seems to be straightforward to average at least the estimated channel coefficients in time within a subframe.
The following section outlines the proposal for a new simplified eNB LTE EVM measurement and the corresponding Annex outlines a possible mathematical notation and terminology for the LTE eNB EVM measurement.
3. LTE eNB EVM measurement description
Per subframe the EVM analyser shall
· detect the start of a subframe.
· estimate a timing offset 
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for positioning the receive FFT window (the timing offset should fulfil the requirement of an ISI free OFDM symbol reception).
· correct the linear phase shift determined by 
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 for all OFDM symbols within one subframe.

· estimate and correct the frequency and sampling rate offset [FFS: as well as the common phase error].
The adjusted received OFDM symbols are further processed after applying an FFT of appropriate size.

The EVM analyser shall then

· calculate Least-Squares (LS) estimates of the channel transfer function for all resource element positions on which Downlink Reference Signal (DL RS) symbols have been mapped on (see [2] for DL RS mapping). The LS estimate is given by multiplying the received resource element with the conjugate complex of the corresponding DL RS symbol.

· average the complex-valued estimates over the specified time-frequency grid (FFS), in order to get 
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 (degrees of freedom) smoothed estimates.
(note that it is FFS how the grid will be scaled down in frequency direction at the edges of the system bandwidth)
· calculate, via piece-wise linear interpolation, for all occupied resource elements an estimate of the channel frequency response based on the 
[image: image14.wmf]N

smoothed estimates.

(note that it is FFS how to cope with the estimation of the channel coefficients at the edge of the bandwidth)
· equalize the received resource elements by dividing them with the interpolated channel coefficients.
· compute the RMS of the error vector magnitude between the equalized received and ideal resource elements averaged over all occupied resource elements for each subframe.
· average the results for all subframes (current working assumption is 10, see [5]) to be included in the measurement to get the final 
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5. Annex LTE eNB EVM measurement definition

The following mathematical notation and terminology attempts to be aligned with the notation used in the LTE physical layer specification [2] from RAN WG1.
Per subframe (slot j and j+1), the EVM analyser shall

· detect the start of a subframe.

· estimate a timing offset 
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for positioning the receive FFT window (the timing offset should fulfil the requirement of an ISI free OFDM symbol reception).

· correct the linear phase shift determined by 
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 for all OFDM symbols within one subframe.

· estimate and correct the frequency and sampling rate offset [FFS: as well as the common phase error].

The adjusted received OFDM symbols are further processed after applying an FFT of appropriate size.

[image: image18.wmf]DC

.

.

.

.

.

.

1

RB

sc

DL

RB

-

N

N

1

RB

sc

-

=

k

0

=

k

subframe

slot 

j

TTI

RS symbol

not counted

)

(

)

(

,

j

a

p

l

k

resource element

slot 

j+1

r

e

s

o

u

r

c

e

 

b

l

o

c

k

 

i

n

 

f

r

e

q

u

e

n

c

y

resource block in time

1

DL

symb

-

=

N

l

0

=

l

0

=

l


Figure 1: OFDM time-frequency mapping 
(frame structure type 1, normal cyclic prefix, antenna port 
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denote the received resource element of the corresponding kth subcarrier of the lth OFDM symbol of slot j within the EVM measurement period (one subframe). The index for the transmit antenna port p is neglected for better readability of the following text.

The EVM analyser shall then

· calculate Least-Squares (LS) estimates 
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of the channel transfer function for all resource element positions 
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 denote the set of indices of resource elements on which Downlink Reference Signal (DL RS) symbols have been mapped on (see [2] for DL RS mapping). The LS estimate is given by multiplying the received resource element 
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with the conjugate complex of the corresponding DL RS symbol 
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· average the complex-valued estimates over the specified time-frequency grid 
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 (degrees of freedom) smoothed estimates.
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Note that it is FFS how the grid will be scaled down in frequency direction at the edges of the system bandwidth.

· calculate, via piece-wise linear interpolation, for all occupied resource elements an estimate of the channel frequency response 
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smoothed estimates (note that 
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must hold since the channel is assumed to be time-invariant). It is FFS how to cope with the estimation of the channel coefficients at the edge of the bandwidth.
· equalize the received resource elements by 
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· compute the RMS of the error vector magnitude between the equalized received and ideal resource elements averaged over all occupied resource elements for each subframe 
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for all complex modulation schemes defined in [2]. 
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 denotes the number of subframes to be included in the measurement, 
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· average the 
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