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1. Introduction 

At RAN4 #47, it was agreed [1] that instead of an un-equalized EVM requirement, RAN4 would develop a spectral flatness specification for the UE transmitter.  In this contribution, we propose details of possible spectral flatness measurement methods and requirements.     
2. Discussion
An ideal transmit chain would emit a signal that has the same power spectrum as an ideal waveform.  Deviations from the ideal power spectrum can be corrected by the receiver as part of the channel equalization, as long as the following conditions hold: 

1. The spectrum shape is time invariant

2. The FFT of the spectrum shape contains only low frequency (time) components

3. The total spectrum deviation is not excessive
The LTE transmit waveform quality measurement has to ensure that the above conditions are satisfied. 
2.1.  Measurement Methods

The most straightforward measurement method is to use the UL RS based channel estimation that is already derived to be used in the EVM equalizer. 

This has the following problems that need to be solved: 

1. If the evaluation period is a single subframe then for each frequency tone, there are only two observations; if the UL configuration uses intra-subframe hopping than there is only one observation. 
2. The EVM related noise can be correlated even if the evaluation period is longer than a single subframe.  This is especially true if there is no RS sequence hopping configured because the cyclic shift hopping in itself doesn’t really change the RS waveform as far as non-linear distortion effects are considered.  Therefore we would observe close to identical EVM noise in every RS symbol. 
Possible solutions to the above are the following: 

1. Use both RS and data symbols in the spectrum flatness measurement.  In the eNB EVM specification, the use of data symbols was explicitly barred. However, if we only want to observe the power spectrum (i.e. no phase deviation requirement) then including the data symbols shouldn’t be problematic. Even in this case, only QPSK symbols have constant power, so only with QPSK symbols could we have reliable measurement for each tone in every subframe. 

2. Exclude hopping UL resource allocation cases and always configure RS sequence hopping.  It should be studied whether sequence hopping creates sufficient decorrelation to enable EVM noise averaging 

3. Use frequency domain averaging, as in the case of the eNB EVM test

Our proposal is to use frequency domain averaging to solve the above problems and check spectrum flatness only for maximum allowed deviation.  The frequency domain averaging could be carried out according to any of the options proposed in [2]. 
2.2.  Minimum Requirement

In [3], certain aspects of the spectral flatness definition were described.  Based on available duplexer specifications, we propose the following definition for spectral flatness: 
After the frequency domain averaging as described in [2], first calculate the mean power spectrum over the allocated bandwidth and then calculate for each frequency tone within the allocated bandwidth the deviation from the mean.  The deviation should satisfy the following limits: 
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Note that for either options described in [2], the tones at the edges of the UL system bandwidth would have little or no averaging across frequency.   
3. Conclusion
In this document, we have proposed requirements for the LTE UE transmit waveform quality spectral flatness. 
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Less than +/–2 dB around the mean if the frequency tone being evaluated is at least [3] MHz away from the band edge


Less than –5 dB / +3 dB around the mean if the frequency tone being evaluated is within [3] MHz from the band edge 
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