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1. Introduction

For modern digital communications systems it is important to ensure transmitter and receiver performance is optimized (with respect to achieving efficient, non-distorted, signal output). At the same time, it is very time consuming to have to undergo many tests in order to prove transmitter/receiver requirements are met. Of benefit would be a measure that is devised in such a way that it is able to pinpoint many degradations simultaneously (requiring only the one system set-up and measurement output). If correctly defined, and with correct usage, the EVM can provide such a measure.

Arguably EVM provides a (baseband) way of verifying RF performance after the signal has been digitized with the ADC(s).

EVM measures might be deployed in two ways;

· To assist with transceiver design and build, in terms of being able to identify sources of errors and then performing appropriate modifications to eliminate them, or,

· As a performance measure in a standard to ensure the system will operate and perform as expected.
The general requirements for a (good) EVM measure include;

· Sensitivity to anomalies affecting magnitude and phase of a signal for any digital modulation format
· Working with any modulation technique (e.g. Quadrature Phase Shift Keying, WPSK, 16 Quardature Amplitude Modulation, 16QAM, etc.)

· Working with Multiple Input, Multiple Output (MIMO) schemes.

· Working with different bandwidth options (possibly for reconfigurability)

· Coping with various Radio Resource (RR) allocation strategies

· Having a relationship to Link Level performance measures (e.g. Bit Error Rate, BER,and Signal to Noise, SNR), and through this  a link to System Level performance measures (e.g. System Throughput, Carrier to Interference (C/I) ratios/distributions etc.)

· Detecting In-phase and Quadrature (I/Q) impairments.

· Detecting small errors in the symbol (timing) rate.

· Indicating spurious emissions.
Note: When measured at the appropriate point the use of equalization will enhance the output produced by the EVM as an indication of modulation quality
2. Consideration of “Measurement Point” of the EVM
RAN1 are still debating the numerology associated with LTE. The impacts of decisions made in RAN1 obviously impact the work of RAN4. This is true for the EVM derivation and its subsequent measurement. In order to be effective, and although it is measured at baseband, the EVM has to take into account all processing (including RF) that takes place during the transmission process. Figure 1 indicates the UPLINK modulation processes and the resulting EVM processes required before the EVM can be measured.
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Figure 1
In order to capture all transmitter impairments, the measurement needs to be undertaken after all transmitter processes have been carried out. In particular this would include all RF transmission processes (upconversion, power amplification, etc.). However, after all appropriate processing has been carried out the portion of the user signal that is of interest will have been combined with other signals and therefore processing of the received waveform will have to take place before the EVM measure can be easily made. This “EVM processing” is indicated in Figure 1. In particular, the EVM processing will include Serial to Parallel conversion before removing the cyclic prefix, performing the FFT and then the subsequent IDFT. The signal of interest is then accessible and in its correct form.

One of the differences between Uplink and Downlink processing includes the use of a “local” DFT (after constellation mapping). Any, linear, transform process maps incoming signal components to appropriate outputs and during the process, redistributes the energy of the incoming signal. Being a linear process, an inverse transform can perform the inverse transformation and re-instate the original signal energy distribution.

For appropriate EVM measurement, in the Uplink, it is the output from the IDFT that is of interest.
For the DOWNLINK, the “local” DFT block does not exist and hence the output from the FFT is that of interest, as indicated in Figure 2.
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Figure 2
3. EVM Format & Definition
In its simplest form, the (instantaneous) Error Vector (EV) is the vector difference between an ideal reference signal and a measured signal (or signal under test) at a given moment in time. The difference signal might be seen as the signal that remains after an ideal version of that signal has been stripped away. The Root-Mean-Square (RMS) value of the EV reduces “instantaneous” EV values to one, useful, value.

An EVM measure might be formed in many ways, however (as indicated previously) the ability for the EVM measure to work with any modulation technique, provides the motivation for “EVM normalization” (i.e. the EVM measure should be directly comparable whatever modulation method is used). A typical normalization might ensure that the average root mean square (rms) power of the normalized ideal, reference, signal vector, {r’i}, is equal to 1.0.

The EVM is defined as the RMS value of the EV difference between the ideal reference signal and the measured signal. Its generic form can be written as in  (1);
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    ………………… (1)
Equation (1) does not indicate the summation limits, the method of averaging or the normalization process. These can all be obtained by considering the measurement point as outlined in Section 2.

The measurement point provides access to a user (transmitter) data stream, in terms of the output Resource Blocks (RB). A RB spans time and frequency. The EVM measure for a single user RB would thus be obtained considering the J sub-carriers and K symbols that such a block contains. This is usually considered in a two dimensional fashion, i.e. the single summation signs indicated in equation (1) are replaced with a double summation, to provide an rms EVM measure for the resource block (EVMRB) as in (2). 
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………………… (2)

Notes: 
(1) Both the reference signal and the “reconstructed” measured signal are used over the same range, hence averaging in the numerator and denominator cancel.
(2) Normalizing the EVM to the square root of the average symbol power (indicated by the denominator in equation should relate the EVM to the S/N ratio.
It may be necessary to average the EVM value of equation (2) over a number of resource blocks, M, to give a value which is less variable;
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4. Conclusions

A theoretical description of an EVM measure and its point of measurement, including necessary EVM processing have been given.
This measure can be used as a first basis for the evaluation of transmitter performance and impact on system performance.

The procedure is in agreement with other 3GPP members’ previous descriptions for the BS.
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