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1. Introduction

Several proposals for the definition of LTE DL EVM measurement have been submitted to RAN4 and there is already a useful consensus emerging.  This paper attempts to draw the discussion closer to a conclusion by stepping back from the equations for a moment, identifying the points of agreement and offering some thoughts on the remaining questions.  
2. Discussion
The following concepts appear to be broadly accepted,

· Move the EVM measurement point to after the receiver FFT operation.
· Track and compensate (i.e. minimize) any RF frequency error.
· Track and compensate any global amplitude, phase and/or symbol timing error.
· Apply equalization (using a Zero Forcing equalizer) to compensate for any linear distortion due to the channel – which in the case of measurement will compensate only distortions in the signal
· Create a complex-valued surface
 in time-frequency based on linear interpolation between the best-fit estimated, or time-averaged values of the reference symbols, relative to which the error in the received data carrier vectors can be measured.

· Sum the individual data carrier error vectors across various sub-sets of this surface, e.g. by symbol, by resource block, or by some aggregation of those sub-sets up to and including the whole time-frequency surface (i.e. the full bandwidth, for the full measurement interval).

The main discussion point appears to be how best to achieve a stable reference surface that on one hand is responsive to variations in channel response, but on the other hand is usefully insensitive to noise.

With regard to achieving a stable reference in the frequency domain, there seems to be agreement that a ZF equalizer applied to the full set of reference symbol values is appropriate (i.e. across the full 20MHz bandwidth).

In the time domain, [1] has proposed two options.  Either, derive a best fit set of reference symbol values based on an unspecified heuristic that minimizes EVM across the measurement interval.  Or, average the measured reference symbol values.  We suggest that the latter approach is (a) less computationally intensive, (b) avoids potential IP difficulties, and (c) more representative of what a real receiver would do.

Assuming that the approach of averaging the measured reference symbols is accepted, this leads to further questions.
Firstly, over what time period should the reference symbols be averaged?  It seems reasonable and logical to propose that a single sub-frame (1ms) is the least time period to consider, but this represents an average of only 2 values for each frequency, and the study presented in [2] (albeit based on AWGN) clearly indicates that this would give a very unstable result.  We suggest, as a working assumption, that an averaging period (i.e. measurement interval) of 10 sub-frames is considered.

A follow-on question is whether the average used for a given reference symbol is an average of the reference symbols in the preceding 5ms and succeeding 5ms (a running average) or simply the average of the reference symbols in the measurement interval.  The former is probably more representative of a real receiver, but would require the test equipment to capture data for a period of twice the measurement interval; the latter only requires a data capture of the same length as the measurement interval.  It is important that this aspect is part of the measurement definition as it could affect the reported value.  If we can assume a static channel, then for reasons of measurement acquisition speed, the latter approach would be preferable, but the former would more accurately follow a time-varying channel.
The last question that we wish to address is the aggregation of EVM measurements.  [2] proposes that the basic unit of EVM measurement is 1 resource block ( i.e. 
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 carriers) and that the EVM is then calculated as an average over all RBs.

There appears to be consensus that there should be a separate EVM specification for each modulation density, primarily to avoid unnecessarily restricting the opportunities for peak energy management, but a decision is needed regarding the appropriate measurement interval for these definitive measurements.  Reference [1] suggests 10 sub-frames and, as hinted earlier, we would support this proposal.
In addition to these baseline measurements, we suggest that extending the approach of [2] so that 
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 (as defined in [2]) is the basis for computing a variety of EVM results, such as symbol EVM, uniform EVM (e.g. full signal bandwidth, measurement interval = 10ms), EVM in QPSK / 16QAM / 64QAM RBs, EVM histogram versus RB position, etc. may be useful diagnostic tools.
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� This surface is conceptualized in pre-equalizer terms, post-equalizer it would be approximately flat in the frequency axis.
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