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1 Introduction

The LTE BS EVM has been extensively discussed within RAN4 but there are still some remaining issues that need to be resolved. This contribution brings up the interpolation issue and provides some further analyses when noise is added to the reference symbols. 
2 Discussion
There are two main remaining issues regarding the EVM, one is the interpolation and the other is to agree upon the EVM level. Unless the interpolation issue is resolved, it would be very difficult to agree upon the level since the interpolation and the averaging will highly influence the EVM levels.
Using moving average filtering for the reference symbol across frequency domain uses different number of reference symbols in the averaging process depending on the position in frequency domain. With the current settings proposed in [1] the outermost reference symbol is not averaged at all and the second next outermost reference symbols is only averaged over three reference symbols. All remaining reference symbols are averaged over 5 values. If the reference symbols are without noise the different numbers of reference symbols involved in the averaging process posts no problem. However, if noise is also present on the reference symbols (as it will in reality) the outer resource blocks suffer severely from less averaging resulting in bad channel estimates at those positions. 
In case that the EVM levels must now also be fulfilled on the edge resource blocks all frequency domain equalizer coefficients involved in the demodulation of this edge resource block are of less quality than those in the middle resource blocks: The outermost FEQ coefficients will be based on a reference symbol estimate that has not been averaged at all, the second outermost FEQ coefficient will be based on a reference symbol that only has been averaged over three reference symbols. No averaging of the reference symbol in time-domain is performed. 
Assuming a RF filter fulfilling the FDD co-location requirement towards TDD in 2.6 GHz spectrum as defined in TS25.104 which gives 10 MHz to limit the FDD unwanted emissions, we observe the result obtained in Figure 1 for the 5 MHz bandwidth. EVM noise of 7 % - modeled as AWGN noise – is added in frequency-domain to all resource elements, including reference symbols. Reference symbols are not averaged over time but the data is averaged over 10 ms.  As comparison also the EVM levels obtained when the equalizer calculation is based on Chebyshev interpolation is provided.
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Figure 1: EVM level after equalization measured over the whole bandwidth and only in an edge resource block. The reference symbols are not averaged over time. In case that EVM is measured only over an edge resource block the EVM level can be up to 12 %. EVM noise – which is modeled as AWGN noise – is added in frequency domain and has a level of 7 % prior equalization.  A) Equalizer coefficients are based on moving average. B) Equalizer coefficient are based on Chebychef interpolation.
Averaging the reference-symbols in time-domain improves the result. Here even the outermost reference symbols are averaged (in time). Figure 2 and Figure 3 show the obtained EVM values when averaging over 2 reference symbols in time-domain and over all reference symbols within 10 ms, respectively.  
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Figure 2: EVM level after equalization measured over the whole bandwidth and only in an edge resource block. The reference symbols are averaged over2 consecutive occurrences in time-domain. In case that EVM is measured only over an edge resource block the EVM level can be up to 10 %. EVM noise – which is modeled as AWGN noise – is added in frequency domain and has a level of 7 % prior equalization. A) Equalizer coefficients are based on moving average. B) Equalizer coefficient are based on Chebychef interpolation.
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Figure 3: EVM level after equalization measured in an edge resource block. The reference symbols are averaged over 10 ms. Due to the better signal quality of the reference symbols the EVM after equalization is in the order of 7.5 to 8 %. EVM noise – which is modeled as AWGN noise – is added in frequency domain and has a level of 7 % prior equalization. 
It can be seen that averaging reference symbols in time-domain improves the achievable signal quality. If the reference symbols are averaged over all occurrences within 10 ms the achievable EVM level would be below 8 %. However, we note that averaging such a long period is not possible in reality.

The simulation results presented here covers the LTE bandwidth equal to 5 MHz. For larger bandwidths than 5 MHz, the results can be found in Annex A. The impact of noisy reference symbols for bandwidths lower than 5 MHz needs further investigation.
As can be seen from Figure 1 to 3 impacts the noise on the reference symbol the achievable EVM levels after equalization. One might consider averaging of EVM over all resource blocks but the higher EVM level at the block edge would influence the averaged EVM level for the low bandwidth options. 
Another approach is to exclude the edge resource blocks from the EVM requirements or apply differentiated more relaxed EVM requirements for the edge resource blocks.

The results presented as well indicate that the moving average interpolation performs better than the Chebyshev interpolation.
3 Conclusions
This contribution investigated the impact of noisy reference symbols in the context of both moving average and Chebyshev interpolation of the reference symbols. It is shown that without averaging the reference symbols in time domain EVM levels of up to 14 % may occur if EVM is only measured in edge resource blocks. By applying time averaging, the result improves, however this has not so far been discussed within RAN4 and therefore we would initiate discussions on time domain averaging of reference symbols. 
We also observed that the performance of moving average interpolation is better than the Chebyshev interpolation, therefore as a way forward, based upon our investigation, we propose to re-visit the EVM definition for LTE and furthermore to include the time domain averaging of reference symbols.
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Annex A

For bandwidth of 10 MHz and both interpolation methods time averaged over 2 reference symbols.

· Moving average


[image: image4]
· Chebyshev


[image: image5]
For bandwidth of 20 MHz and both interpolation methods time averaged over 2 reference symbols.
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