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Introduction
In the last RAN4 meetings a few contributions on the LTE UE EVM requirement were presented. Most of them focussed on the structure of the UE modulation accuracy requirements. In this contribution we also address the UE EVM measurement procedure itself.
Discussion
· On the structure of the modulation accuracy measurements

The 3 main degradation measurements of a UE transmitter are the EVM in allocated RBs, the I/Q offset (also called LO leakage) and I/Q imbalance (image interference). The LO leakage and I/Q imbalance are the main contributors to the in-band emissions in unallocated RBs. 

Basically there is no big issue with the different LTE UE EVM measurements that have been proposed so far [1, 2, 3, 4] but it is seen more useful to have separate requirements for each of the 3 impairments as intended in [2, 3, 4]. However, it should be pointed out that the measurements proposed in [2, 3] don’t reflect each of the three degradation mechanisms independently of each other in the particular case of the LTE UL signal.  Indeed, due to the half tone offset defined for LTE UL the LO leakage is spread on all subcarriers. Thus, measuring the interference on the centre resource block as in [2, 3] does not give the total LO leakage value. Moreover, measuring the I/Q imbalance on the image subcarriers without removing the influence of the LO leakage only gives a distorted value of the I/Q imbalance.

Note that the LO leakage falling into the allocated RBs should remain in the EVM value as it might not be compensated by an eNodeB receiver.

· On the measurement point
· The EVM in allocated RBs can be calculated before or after the IDFT. When calculating the EVM after the IDFT the modulation symbols of the UE under test can be directly compared to the ideal points of the constellation diagram.
· The unwanted emissions falling into unallocated RBs should be calculated directly after the FFT in form of a power measurement.
· On the correction parameters
The frequency offset and the sample timing offset should be corrected from the signal under test. After the FFT the allocated RBs are separated from the unallocated RBs. The in-band emissions in unallocated RBs can already be calculated whereas the signal in the allocated RBs should be still equalized before calculating the EVM.
A joint estimation of all the above parameters is not required as they are independent of each other. It is preferable to define a clear sequence for the EVM / in-band emissions measurements as it is proposed in Annex A.
· On the Tx-Rx chain equalizer for the EVM measurement

· The equalizer coefficients 
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can be estimated for all subcarriers with the reference SC-FDMA symbols. An interpolation in frequency domain is therefore not needed. An interpolation in time domain is not needed either as the testing propagation condition is a time invariant channel. To ensure a more accurate estimation of the equalizer coefficients it is recommended to use time domain averaging or even to allow data-aided channel estimation.

· A zero forcing equalizer is adequate.
· To control the frequency selectivity of the Tx filter we’d rather define a separate spectrum flatness requirement than add a curve fitting operation to the equalizer as proposed in [4]. 
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6.8

Transmit modulation

Transmit modulation defines the modulation quality for expected in-channel RF transmissions from the UE.  This transmit modulation limit is specified in terms of an Error Vector Magnitude (EVM) for the allocated resources blocks (RBs) and in terms of in-band emissions for the non-allocated RBs.

6.8.1

Measurement points
The unwanted emission falling into non-allocated RBs is calculated directly after the FFT as described below. In contrast to this, the EVM for the allocated RBs is calculated after the IDFT.


6.8.2

Definition of the Error Vector Magnitude

The EVM is the difference between the ideal waveform and the measured waveform for the allocated RBs
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where
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 is a set of symbols with the considered modulation scheme being active within the measurement period,
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 are the samples of the signal evaluated for the EVM as defined in section 6.8.4,
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 is the ideal signal reconstructed by the measurement equipment, and
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 is the power of the ideal signal.

6.8.3

In-band emissions
The in-band emissions are a measure of the interference falling into the non-allocated resources blocks 
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where
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 is a set of symbols with the considered modulation scheme being active within the measurement period, 

F(t) is the set of sub-carriers within the 
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 sub-carriers that are measured within the symbol time t,
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 is the frequency domain signal evaluated for in-band emissions as defined in section 6.8.4, and
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 is the power of the ideal signal.

6.8.4

Modified signal under test
To minimize the error, the signal under test should be modified with respect to a set of parameters following the procedure explained below.

The UL EVM analyser shall

· estimate and correct a sample timing offset from the signal under test,

· estimate and correct the RF frequency offset,

· apply an FFT of appropriate size.

At this stage the allocated RBs shall be separated from the non-allocated RBs. The signal on the non-allocated RBs, 
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, is used to evaluate the in-band emissions. 

Moreover, the following procedure applies only to the signal on the allocated RBs. To obtain 
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 the UL EVM analyzer shall then

· estimate the Tx-Rx chain equalizer coefficients for all subcarriers of the allocated RBs with the reference signal,

· carry out a zero-forcing equalization, and

· apply an IDFT of appropriate size.
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