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1. Introduction

Where and how to measure EVM has been discussed during the last meetings of 3GPP RAN4. During these discussions various items of interest arose;
1) The EVM definition;

a. Point of measurement of EVM

b. EVM measurement definition

2) The number of resource blocks over which the EVM should be measured

3) The trade-off between EVM, clipping and PAPR

Item (1) is seen to be reaching a general conclusion and the focus of this tdoc is on the remaining two items (2) and (3).

2. EVM definition 
In reference [1] and reference [3] a common method for EVM measure is described for OFDM systems.  In this document, the same method was used for the EVM definition, that is: 
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	Equation 1


Equation 1 applies to a single resource block.

3. Simulation results
The simulation was based on 5MHz bandwidth, with 301 sub-carriers, using 64QAM modulation and current LTE numerology. 
Simulations were run over time in order to examine averaging effects when working with an appropriate (threshold) clipping level which produced a PAPR of 6.6dB (ultimately resulting in an average EVM value of 6.9%). The settling time, assuming contiguous RBs, can be seen from the plot obtained in Figure 1;
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Figure 1 EVM versus simulated receive time
Selecting 100 bins and plotting the corresponding histogram of EVM values produces the result shown in Figure 2
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Figure 2: EVM histogram

Finally, the effect of clipping in order to alter the peak to average power ratio which results in EVM values of (i) 6.7%, (ii) 5.8% and (iii) 5% can be seen from the constellation diagrams of Figure 3;
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Figure 3 : Rx Constellation Diagrams for EVM of (i) 6.7% (ii) 5.8% and (iii) 5%

4. Conclusions

· The plots in Figure 1 indicated EVM “settling times” of between 2.4msec to 4.4msec, indicating that an EVM measurement time of around 5 to 10 RBs should suffice – for the minimum requirement the consideration should be 10+ RBs.
· Figure 2 indicates EVM values which appear to be Rayleigh or Rician distributed.

· For LTE numerology working with a 5MHz bandwidth, 301 sub-carriers, and using 64QAM modulation combined effects of clipping to alter the peak to average power ratio in order to achieve EVM values of (i) 6.7%, (ii) 5.8% and (iii) 5% have been shown.
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