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1.
Introduction

The definition and measurement methodology for E-UTRA BS EVM have been extensively discussed in the previous RAN4 meetings, and some provisional agreements have been documented in [1]. In this contribution, we provide some recommendations on this subject.
2.
Discussions
In the followings, we provide some discussion points and our recommendations on various aspects on the definition and measurement methodology for E-UTRA BS EVM.
2.1
Measurement system set-up
We propose to use the same measurement system set-up as currently specified in Annex B.1.2 of [2] for measuring UTRA BS EVM, as depicted in Figure 1 below.
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Figure 1: Measurement system set up for EVM

2.2
Reference point for measurement
As discussed in [3], we propose the EVM to be measured at the point after the FFT and equalizer in the receiver, as depicted in Figure 2 below (extracted from [4]).

[image: image2]
Figure 2: Reference point for EVM measurement
2.3
Basic unit of measurement
As discussed in [3], we propose to specify separate EVM requirements for different modulation schemes. Here we propose to define the basic unit of EVM measurement over one subframe (1ms) in the time domain and 
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 subcarriers (180kHz) in the frequency domain: (Note that a resource block consists of 
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 resource elements, corresponding to one 0.5 ms slot in the time domain and 180 kHz in the frequency domain [5], i.e. the basic unit of EVM measurement is defined over two resource blocks.)
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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. (Note that different modulation schemes may be used in the subcarriers in symbol t, e.g. QPSK used for reference signal, while 64QAM used for data signal.)
I(t,f) is the ideal signal reconstructed by the measurement equipment in accordance with relevant TX models. (Note that here we use the term ‘ideal signal’ to avoid confusion with the term ‘reference signal’ defined in RAN1 [5].)
Z*(t,f) is the optimal Z´(t,f), defined below, that minimizes the EVM, i.e.
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2.4
Modified signal under test

To achieve best-fit with the ideal signal I(t,f), we propose the signal under test to be modified with respect to a set of parameters:
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Where
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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.
Note that here we remove the factor 
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 from equation (3) in [4], since this correction would already be part of the factor 
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 in the equation (as discussed in [6]).
2.5
Observation period for sample timing difference and frequency offset
We propose that the observation period for determining the sample timing difference 
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 and frequency offset 
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 should be specified in the standards to avoid diverging measurement results from different implementations in the measurement equipments.
2.6
Determination of equalizer coefficients
The working assumptions stated in [1] are that the equalizer coefficients 
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 are obtained using 1D Sinc interpolation in the frequency domain only, and kept constant within a subframe in the time domain.
However, it has been shown in [7] that the influence of the interpolation technique is negligible when the average EVM over all resource blocks is considered. Therefore, we proposed to use linear interpolation in the frequency domain to obtain the equalizer coefficients, e.g. from the first and the last subcarriers within the 
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 subcarriers, to simplify the implementation of the measurement equipments comparing to using Sinc interpolation.
2.7
EVM requirements

The working assumptions stated in [1] are that the EVM requirements are tested against the linear average (arithmetic mean) of the EVM measurements over all allocated resource blocks with the considered modulation scheme in the frequency domain and 10 subframes (10 ms) in the time domain, using equations (3) and (4) in [8].
However, it is not clear from equation (3) in [8] what frequency range is covered in the unit EVM. It seems to cover all subcarriers with the considered modulation scheme within a symbol. And then equation (4) in [8] is used to calculate the average only in the time domain of 10 subframes, i.e. no averaging in the frequency domain.

On the other hand, it is stated in [1] that the linear averaging is also carried out on the frequency domain over all allocated resource blocks with the considered modulation scheme. Thus it seems that the unit EVM only covers the subcarriers within one resource block but not all subcarriers within a symbol.
Moreover, since composite EVM is computed via RMS terms for budgeting along the transmission path, we propose to test the EVM requirements against the RMS average, i.e.
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Where

Ni is the number of resource blocks with the considered modulation scheme in subframe i.

3.
Conclusions

In this contribution, we have provided our proposal on various aspects on the definition and measurement methodology for E-UTRA BS EVM. We have also clarified some definitions and terminologies that would cause ambiguities.
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