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1. Introduction 

At earlier RAN4 meetings, there have been discussions about the LTE eNB EVM measurement methodology and requirements.  In [3], a constrained equalizer is described, where the RS based channel observation samples are filtered and then the sample points are interpolated.  

In [2], it was proposed that for the UE EVM evaluation, an unconstrained equalizer should be used.  While we agree that the constrained equalizer requirement could be substituted with a combination of a spectral flatness requirement and an unconstrained equalizer requirement, we still believe that the lack of frequency domain averaging for the channel estimation with an unconstrained equalizer represents practical problems that need to be resolved. Our proposal is to use frequency domain averaging as a solution.  In this contribution, we give a corresponding updated proposal for the UE EVM equalizer definitions.  

2. Discussion 

The EVM equalizer definition for the eNB [3] has the following four components:

1. Filtering across OFDM symbols in the time domain with a flat averaging window in a  radio frame (subframe or slot for the UE)
2. Filtering across RS samples in the frequency domain with a moving averaging window

3. Linear interpolation between RS samples to get channel estimate in tones that don’t contain RS

4. Channel inversion to obtain equalizer coefficients  

(Note that because steps 1, 2, 3 are each linear, the order in which they are performed is arbitrary.)
Since in the case of the UL signal, each tone contains RS in 2 symbols out of 14 (for normal CP), step 3 above is not necessary for the UE.  
If the equalizer definition block for the UE is one slot then step 1 above is similarly not applicable to the UE.  This would be the necessary definition for the PUCCH or for the PUSCH when the DCI Format 0 UL allocation contains a hopping flag set to 1.  As it was proposed at RAN4#47b, in order to make a common EVM definition, it seems the most straightforward to define the equalization block to be 1 slot in all cases. 
The above means that frequency domain averaging is the only tool available to reduce the EVM bias due to equalizer estimation noise. If  no averaging is employed then assuming EVM noise that is uncorrelated between the RS and data symbols, the resulting expected EVM bias is shown in Table 1 below. 

	Nominal EVM                       (%)
	EVM measured with no frequency domain averaging (%)

	17.5
	24.8

	14
	19.8

	12.5
	17.7

	9
	12.7

	8
	11.3

	6
	8.5


Table 1
EVM Measurement Bias with no Frequency Domain Averaging
As it can be seen from Table 1, the measurement bias due to lack of channel estimation averaging is substantial. 

A possible method to help reduce the measurement bias would be to use data-aided estimation methods; however, this option was eliminated in the context of the eNB EVM reference equalizer discussions.  

2.1. Frequency Domain Averaging 
We propose to use similar definitions to what was used for the eNB.  In our proposal [1],[4], the only notable change is to substitute the moving average window size of 19 (DL) with 57 (UL).  The factor of 3 window length ratio reflects the difference in reference symbol tone spacing in frequency between the UL and DL. With this setting, the same spectral smoothness is required for the UE as for the eNB.
2.2. Edge Effects

The discussion at RAN4 #46b was concentrated on the way the channel estimation at the edges of the allocated BW can be handled when the allocation is less than full BW.  
In our proposal [1], it was implied that in terms of the channel estimation edge effects, any allocated BW would be treated the same way as the full BW allocation (defined originally for the eNB EVM [3]), i.e. the averaging length would be symmetrically reduced at the edges.  This means that the edge tone channel estimate would not be averaged, the next tone channel estimate would be the result of averaging three tones, the next tone channel estimate would be the result of averaging five tones, and so on, up to a maximum of 57 tones, or the total number of allocated tones, whichever is less.  

Other companies felt that the edge effects for partial BW allocations should be handled differently from the full BW allocation edges due to the fact that transmit side channel filtering effects don’t impact partial RB allocations the same way as full BW allocation edges. 

We have identified two different options [4], which are described below:
1. Partial BW allocation edges are handled the same way as full BW allocation edges. In the middle of the allocated BW, the averaging length is 57 tones, or the total number of allocated tones, whichever is less.  For a tone that is 28 tones or less away from the allocated BW edge, the averaging length is symmetrically reduced so that the number of tones averaged is 2n+1, where n is the number of tones from the tone for which the channel estimation is calculated to the allocated BW edge. 

2. No averaging reduction at partial BW allocation edges.   In this case, we first determine the averaging scheme for the full BW allocation case, which is the same as defined for the eNB (except that the maximum averaging length for the UE is 57 tones).  Then, for a less than full RB allocation case, we attempt to use the same set of tones in the averaging as for the full BW allocation case, except that tones outside of the allocated BW are excluded.  (Obviously, the factor used for normalization of the averaging needs to be readjusted as needed based on the umber of used tones in the averaging.)
In general, Option 2) results in more averaging, which helps in reducing equalizer estimation noise but makes meeting the EVM requirement harder when there are ripples is the transmit signal’s spectrum. 
On the other hand, Option 1) always ensures symmetric averaging, which has the advantage of eliminating the effect of even small timing estimation errors (i.e. imperfect determination of the optimization term 
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Because of the second point above our preference is to choose Option 1. 

2.3.  EVM Equalizer Proposal

In the following, text proposals are presented for the UE EVM equalizer definitions corresponding to Option 1 given in Section 2.2.  The text is based on [3] with small changes to reflect differences between the UL and DL.  

----------------------START OF TEXT PROPOSAL --------------------------
Determination of equalizer coefficients

Constrained equalizer coefficients at the reference signal subcarriers 
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 are derived from the time averaged values by applying smoothing in the frequency domain. This is done to constrain the amount of UE TX impairments which can be removed by the equalizer, particularly in the centre of the allocated bandwidth.
The equalizer coefficients for amplitude and phase 
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 are obtained by computing the moving average in the frequency domain of the time-averaged reference signal subcarriers. The moving average window size is [57]. For reference subcarriers at or near the edge of the allocated transmission bandwidth, the window size is reduced accordingly as per figure x.y.z. The use of information other than from the reference symbols to compute the TX chain equalizer coefficients – such as data and control information – is precluded since this information is not readily available to the eNB in a real-time receiver.
This constrained equalizer definition is not meant to imply any performance or implementation in the eNB and is intended only as a stable reference against which UE TX impairments can be evaluated.  
----------------------END OF TEXT PROPOSAL --------------------------
Note that figure x.y.x above refers to a similar illustration of the frequency domain averaging as in Figure E.6-1 in [3]. 
3. Conclusion
A proposal was given for defining a constrained equalizer for the UE Tx EVM definitions.  The proposals maintain commonality with the eNB definitions only making minimally required changes. We suggest that the proposals should be considered for the UE EVM definition. 
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