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1. Introduction

At RAN WG4 #42bis agreement was reached in [1] and introduced into 36.804 [2] on the way forward for Node B EVM definition. This contribution continues the discussion on details for the equalizer which still remain open and FFS.
2. Discussion

The current text in 36.804 v0.4.0 [2] related to the equalizer is as follows.
6.8.1.1.6
Determination of equalizer coefficients
The working assumptions are that the TX-RX chain equalizer coefficients amplitude and phase responses  
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 used by the ZF equalizer are obtained by using polynomial approximations a 5th order (i.e. 6 coefficients) interpolation function in the frequency domain, and kept constant within a subframe in the time domain. The interpolation function to be used is FFS.
Separate polynomial approximations for the amplitude and phase or, alternatively, on the I/Q representations of the TX-RX chain transfer function should be used (FFS). 

Low-order polynomial approximations of the TX-RX chain transfer function should be used in order to reflect possible exploitation of channel correlation in the frequency domain within the UE channel estimation and limit the amount of BS TX impairments which can be removed by the equalizer. 
The working assumption is that polynomials of 5th order (6 coefficients) are used for 5 MHz E-UTRA, and the polynomial order for the other E-UTRA BW options are FFS. The exact polynomials to be used are FFS.

The polynomial coefficients are used as optimisation variables within the EVM minimization process. What information in the signal under test and ideal signal (reference signal only or also data symbols) can be used within the measuring equipments for the calculation of the polynomial coefficients and whether this should be specified in the standards are FFS.
From the above the following five points remain to be finalized with regard to the equalizer:

1. The interpolation function to be used is FFS
2. Whether to use separate functions for the amplitude and phase or only the complex I/Q values is FFS

3. The working assumption is that 5th order polynomials are used for the 5 MHz option and this needs to be finalized.

4. The polynomial order for other channel bandwidths is FFS.
5. Whether to use reference symbols only or also data in the signal to determine the polynomial coefficients is FFS.
In order that the Node B EVM definition can be finalized at this meeting this contribution proposes a simplified solution that meets the requirements and answers the above five points 

3. Methodology
The bulk of the discussion to date on this issue has been theoretical. From discussions it has been agreed that the equalizer definition ideally needs to mimic real UE behaviour in order that any measurement results of the Node B correlate with what a practical UE receiver might experience. If the EVM algorithm is too good then this disadvantages the UE in the link budget discussions. Equally, a weak EVM algorithm disadvantages the Node B for the same reasons. So it is desirable to find a balance.
However, there are three key aspects of the problem that make finding this balance difficult:

· No Tx filter is being defined for the Node B and attempts to agree even a working assumption have not proved fruitful

· Ideally the EVM equalizer algorithm needs to mimic a real UE but in a similar vain, three will be no equalizer defined and attempts to agree a working assumption have not proved fruitful
· The situation is further complicated by the fact that a UE equalizer is primarily tasked with correcting the channel yet in the measurement domain, the channel is flat and it is only the static Tx filter that needs to be corrected for.

To date there have been three proposals for defining the equalizer which can be simply summarized as follows:

· Linear interpolation of all the pilots

· Sinc interpolation

· 5th order polynomial (current working assumption)

All three methods have their advantages and disadvantages, however, with the lack of definition of either the typical Tx filter response or a typical UE equalizer it seems finding the “middle ground” discussed earlier will not be based on solid technical ground.

It was shown in [3] that linear interpolation can provide excellent results – at least for a straightforward RRC filter – but it was felt by some that this was too good and not representative of what a real UE might achieve. But equally the other methods involving curve fitting have a much higher potential to result in implementations that provide different results due to the choice of curve fitting algorithm and the variability of the signal being corrected.

Also, the generic performance of a curve fitting algorithm would not be reliable target specific areas of the signal. For example a 5th order polynomial is capable of correcting edge effects just as easily as some mid channel perturbation yet it has been stated that it is the edge effects that should be targeted. Without providing a specific algorithm determining the performance and accuracy of specific EVM implementations without a defined signal would become near impossible and differences in performance would surely result. 

If you are trying to determine how many bricks are needed to build a fixed size house and one brick supplier provides 100mm high bricks measured using one method or the same bricks measuring 105 mm using another method, would that influence the number of bricks you had to buy to finish the house? Surely not. What is more important is a consistent measure, even if it is in error by some indeterminate fixed factor.
So from a measurement perspective what is important is consistency. It is of little value in the debate on the link budget to have differences between the measured results of the same Node B on different pieces of test equipment since from the perspective of the UE; such differences are irrelevant and in fact counterproductive. We also know that for the high performance goals of LTE the link budget is going to be squeezed from both sides and establishing a stable metric is therefore highly desirable. For the reasons already given due to the lack of a Tx filter definition and lack of UE equalizer definition it seems clear that coming up with the ideal middle ground EVM algorithm is not going to be perfect, but the least we can do is define an algorithm that is simple and therefore consistent. It will not be ideal but it should at least provide a stable reference against which Node B and UE performance can be judged.
For the above reasons a simplified alternative to the current working assumption is proposed below.

4. Proposal
In order to address the above concerns regarding limiting the performance and providing a simple and repeatable definition, the following is proposed.
The equalizer response shall be based on a moving average of the reference symbols of the signal. Information obtained from the data shall not be used as this is unlikely to be available to the UE and has the potential to increase the variability between implementations. The length of the average shall be 5 adjacent reference symbols. At the edge of the signal, the number of points to use for the penultimate reference symbol shall be 3 and the final reference symbol will have no averaging. The response shall be calculated independently for amplitude and phase using linear interpolation between the averaged reference symbols.
Note: A longer period e.g. 7 reference symbols could be chosen. This will have no impact on the edge response but will provide less correction mid-channel.

Note: With regard to using information from the data in the signal it should be remembered that EVM is an error measurement, and in the limit case, if we used all the data in the signal down to the individual amplitude and phase of each symbol, we would end up with an EVM of 0%. This serves no purpose.

This proposal is provided without any performance study since without any Tx filter or UE equalizer working assumptions any analysis would be theoretical anyway.

The advantages of this definition are:

1. It is simple to understand and implement

2. The use of a moving average reduces the performance from that obtained using interpolation of all pilots which was considered too good

3. The definition can be the same for all channel bandwidths

4. It will provide a stable reference against which link budget and other debates can rely and the potential for variations between EVM implementations is minimized

5. The algorithm will naturally provide more accurate correction at the channel edges and less in the middle

6. The definition resolves all five open issues in 36.804 6.8.1.1.6 and enables this aspect of the definition to be completed at this meeting.
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