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1. Introduction 

This contribution discusses the current proposals for the equalization method to be used in the LTE EVM evaluation [2],[3],[4].  The discussion is concentrating on the eNB EVM discussion but many of the arguments apply to the UE EVM case, as well. 

There had been a number of EVM methodology proposals submitted, following up on discussions held at previous meetings. 

The current proposals can be categorized as:

1. Constrained equalizer restricting the degrees of freedom

a. Polynomial approach

b. Moving average (with edge adjustment) approach 
2. Unconstrained equalizer with no limit on degrees of freedom but with limits on in band ripple and slope

As previous studies showed, the numerical differences between 1a and 1b were not significant [5].  We feel however, that the differences between 1 and 2 can be substantial.  We concentrate on these differences in this contribution and give justification for our preference toward option 1. 
2. Discussion 

All considered proposals put certain limits on the equalization applied as part of the EVM evaluation. Since the equalization can be viewed as a relaxation of EVM, these restrictions are certainly justified. The proposed equalization limits can be categorized as

i. Restricting degrees of freedom and apply some TBD restriction on in band ripple or slope. Note that restricting both slope and ripple is possible but is redundant in this case. 

ii. Restricting degrees of freedom and further evaluate unequalized EVM with potentially looser EVM requirements [6][7]
iii. Restricting in band ripple and slope only [2], [3]
Options i and ii have been discussed before but iii is relatively new, so we will concentrate on this case.  In the following, we discuss the impacts of iii in the context of the LTE orthogonal sequences (OS) and channel estimation processing gain.   
2.1.  Impact of OS

One of the features of LTE is the existence of orthogonally spread (OS) reference signals. Up to three sectors may use the exact same RS resource element allocations (both in frequency and time) while being distinguished with a DFT(3) matrix-based spreading. The UE is expected to be able to extracts its target RS and suppress the interference represented by the other two OS pilots. 

Suppose the UE sees all three sector pilots, with the two interfering OS pilots’ power being 20dB below the serving pilot’s power.  Assume also that the target OS spreading code is 
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.  Further, assume that the propagation delay differences between the three pilots are small. Note that these assumptions are consistent with a scenario where a very high geometry UE receives service in a sectorized cell with a 20dB antenna front-to-back ratio. 

The resulting received RS sequence, after removal of the QPSK scrambling sequence, would be 
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 where k is the pilot tone index.  Evaluating the above, the observed pilot sequence will be
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Now, suppose that the eNB under test uses Tx filtering that creates a frequency response that is a scaled version of the above, i.e. the EVM channel estimate 
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Clearly, with certain conditions on 
[image: image9.wmf]a

 and 
[image: image10.wmf]b

, the eNB Tx filter transfer function would meet the EVM requirements with unconstrained equalizer definition.  However, a reasonable UE implementation would not be allowed to attempt equalization in this case because the Tx transfer function is indistinguishable from OS interference; therefore the UE would rather suppress the OS interference.  
The fact that there is no OS signal applied during the EVM test has no relevance to the fact that an unconstrained equalizer model used in the EVM analyzer is in conflict with a reasonable UE implementation. 

Of course, the probability of having the same exact Tx transfer function as given in the above example is unlikely.  It is important to note, however, that any other Tx transfer function that contains ‘high frequency’, i.e. long delay spread, components can be synthesized as a sum of interfering OS pilots observed with appropriate channel responses.  Therefore the problem described exists also in the general case.   
2.2.  Channel Estimation Processing Gain

One of the study objects is the impact of measurement noise on the measured EVM value [1].  Even though the EVM measurement is carried out in ideal measurement conditions, where thermal noise and other interference are minimal, the EVM itself should be treated as a noise which impacts the EVM analyzer’s capability to find the optimum equalizer coefficients.  This had been shown in [1], where a proposal was made to increase time domain filtering in order to suppress channel estimation noise.  Under ideal assumptions, every doubling of time filtering would give a 3dB gain in channel estimation processing gain.  

 Processing gain is achieved also by restricting the equalizer degrees of freedom.  For example, if the number of estimated polynomial coefficients (or equivalently, the number of averaging windows placed at the decorrelation distance over the signal BW) is 6, while the number of pilot tones is 50 (5MHz example), then the achieved processing gain is 50/6=8.33.  
It could be expected then that the unconstrained equalization methods will require about 8 times longer time domain filtering compared to constrained equalization. While such an expansion in time domain is possible, it doesn’t match what realistic UE implementations will do. This creates an unnecessary additional difference between the UE and EVM analyzer processing.  

3. Conclusion

We discussed aspects of an unconstrained EVM equalization method in the context of LTE orthogonal sequences (OS) and channel estimation processing gain. Because the unconstrained equalizer does not model the OS suppression techniques a UE must apply, we feel that adopting the unconstrained method without further analysis of the extent of the resulting SNR impact would represents risks.  

Therefore our preference is to apply a constrained equalizer based on either the polynomial approximation or moving average approach, with an additional requirement represented by an unequalized EVM limit [6][7]. 
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