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1. Introduction
Regarding the use of interpolation methods for the DL EVM there are a number of contributions under discussion in RAN4, some of them challenging the current working assumptions in [1]. 
This contribution provides some further clarifications on the use of Chebychev polynomial approximations for the DL EVM as proposed in [2], in order to aid these discussions.
.
2. Discussion
The formula for the DL EVM best fit process as currently agreed in [1] can be expressed as follows where minimization is performed over the set of best-fit parameters:
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, where

· T is the set of symbols with the considered modulation scheme being active within the subframe.

· F(t) is the set of subcarriers within the 
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 subcarriers with the considered modulation scheme being active in symbol t. 

· I(t,f) is the ideal signal reconstructed by the measurement equipment in accordance with relevant TX models.

· Z´(t,f) is the modified signal under test defined as
(2)   
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· 
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 is the time domain samples of the signal under test.

· 
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 is the sample timing difference between the FFT processing window in relation to nominal timing of the ideal signal.

· 
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 is the RF frequency offset.
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 is the phase response of the TX-RX chain.

· 
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 is the amplitude response of the TX-RX chain.

The working assumptions in [1] is that the amplitude and phase responses  (
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) for each subcarrier location used by the ZF equalizer are obtained by using polynomial approximations of 5th order (i.e. 6 coefficients
) in the frequency domain. The  
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 are kept constant within a subframe in the time domain.  
Hence, the amplitude and phase responses  
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  are not optimisation variables by themselves, but the expansion coefficients 
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 of the polynomial approximations are optimisation variables (DoFs) in equ (1), (2).
To be more concrete, [2] proposed Chebychev polynomial approximation, so e.g. the amplitude response 
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of the TX chain would be approximated with N  DoFs 
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similarly for the phase response. 
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 is the kth Chebychev polynomial [3,5].
That is to say, that the 
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 used in eqn (2) are each function of the respective Chebychev expansion coefficients 
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 and the minimisation (best-fit) of eqn (1) is to be carried out over the optimisation variable set 
[image: image25.wmf]f

~

D

, 
[image: image26.wmf]t

~

D

,
[image: image27.wmf]N

c

c

c

,...,

,

1

0

(amplitude), 
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(phase). Once the 
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 have been determined the 
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 can be obtained for each subcarrier location by setting  f = respective subcarrier location.
This formulation as a minimum / best fit with the polynomial expansion coefficients 
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 as optimisation variable in (1) was proposed in [2] in order to avoid long discussions in RAN4 regarding suitable time / frequency averaging schemes to be used for determining the ZF equaliser coefficients. I.o.w., the details how to implement the minimisation over the 
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 is proposed to be left for test equipment implementation. 
It is not the intention with the proposal in [2] to suggest a true full search for the 
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. The EVM is likely to be minimised if the 
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 approximate the amplitude response
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of the TX chain well enough via equ (3).  The optimal
 values for the 
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 are then obtained as
 
(4)
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, see [3].
Now only a sampled and noisy version 
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of the amplitude response 
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 will be available at the test equipment, and, ideally, as much information as possible should be extracted from this signal in order to reduce the noise impact on the computation of the 
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 in equ (4). 
This means that likely time domain averaging across multiple slots / subframes is needed for the channel estimates obtained at the RS locations. While the projection of the noise onto 
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 in equ (4) will provide some noise-averaging, using only the RS within a subframe will likely not provide sufficient gain from the equaliser.

Additionally, the use of the known data (OFDM symbols) at certain or all subcarrier locations can be used to obtain a more noiseless 
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 from equ (4), then perhaps using the data of only 1 subframe. E.g. one could reduce the noise impact at the band edges by using additionally data-aided channel estimation from edge RBs.
Again the idea here was not to define all these details by the standard, but to leave it to the TE implementation  to provide sufficiently “clean” estimates for the 
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 and thus come sufficiently close to the minimum EVM obtainable with the DoFs in equ (1). While this may not completely eliminate variations between TE implementations, this would be the price paid for not standardising a complete UE channel estimator. Note however, that the polynomial approximation in equ (3) is already limiting the amount of EVM distortion a TE can remove, even if data aided channel estimation would be used in (4).
There are also many possible approximations of the quadrature in equ (4) and again, the details need not be standardised. It was already pointed out in [2] that Chebychev approximation is closely related to trigonometric approximation, in fact, Chebychev polynomial approximation of the function  f(x)  across the interval [-1, 1] is nothing else than trigonometric approximation with cosine harmonics of the function 
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 and thus the DCT may be used, for more details, see [2,3,4,5]. 
3. Conclusion 

In this contribution we highlighted a few points regarding the use of the Chebychev approximation for DL EVM:
· Even though the Chebychev expansion coefficients 
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 were proposed as optimisation variable, it is believed that sufficiently close EVM-minima can be obtained by a careful approximation of the integration 
[image: image46.wmf]ò

-

-

=

1

1

2

1

)

(

)

,

(

2

f

df

f

T

f

t

a

c

k

k

p

 from a sampled noisy amplitude response 
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· Added (clipping) noise should not be a fundamental limitation in obtaining “clean enough” 
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, as long as sufficient noise averaging is used for the channel estimates. This could be time averaging of RS and/or use of data aided channel estimates. The details of this could be left for test equipment implementation.
· The proposed EVM formulation with the Chebychev expansion coefficients 
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 as optimisation variable would avoid standardising a complete UE channel estimator which is believed to require a significant amount of RAN4 meeting time.
We propose to continue refining the current EVM definition in [1] in order to be able to meet the stringent timeline finalising E-UTRA TX requirements.
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� For the 5 MHz BW option


� Similar for phase


� In the sense of best approximation of � EMBED Equation.3  ���


� With the frequency range of the normalised to [-1, 1]
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