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1. Introduction 

At RAN4 #42, contribution [1] was submitted about a possible eNB evaluation methodology.  This contribution provides further justification and some sample results.  

2. Discussion
Assume that the EVM calculation uses Equation (1) below to pre-process the received signal [2]. This is to remove amplitude, timing, frequency, etc. mismatch between the transmitter and the EVM analyzer.  
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where  
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 represent degrees of freedom over which the minimum distance search is carried out.  

Functions 
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 could have as many as NFFT degrees of freedom. 

Since the number of pilots in a practical UE implementation provide an upper bound the degrees of freedom less than NFFT, there is a need for restricting the synchronization value search to a certain subset of frequencies, and defining the functions 
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 as 2D interpolation from that subset.  

2.1.  Equalizer Parameter Degrees of Freedom

We proposed in [1] that the time dimension should be ‘collapsed’, i.e. there should be a single frequency dependent channel estimate in each observation period (in every 0.5ms). 

It was also proposed that the degrees of freedom should be further restricted below the number of available pilot tones.  This can be justified with the following: 

a. When the degrees of freedom is not restricted, the time domain representation of the Tx transfer function will have a long delay spread, which in turn reduces the available effective cyclic prefix length. 

b. The definition of the three orthogonalization sequences for the C-PICH [3] already assume a despreading operation that upper bounds the degrees of freedom by 
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, where the factor 1/18 is the product of the 1/6 nominal pilot spacing and the required 1/3 orthogonal despread.  Note that combining the staggered pilots is not assumed here. 

Therefore we propose the following 


[image: image12]
In Table 1 below, the resulting degree of freedom parameters are summarized for common bandwidth allocation cases. 

Table 1   EVM Equalizer Parameter Degrees of Freedom 
	Bandwidth (MHz)
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	Parameter Optimization Degrees of Freedom

	20
	1200
	66

	15
	900
	50

	10
	600
	33

	5
	300
	16

	2.5
	144
	8

	1.25
	72
	4


Note a similar restriction would be necessary irrespective of the interpolation method.  By interpolation here we mean the process of obtaining all 
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 frequency domain equalizer coefficients based on the 
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 optimization parameters.  If, for example, we chose to perform a simple linear interpolation between pilot tones in the UE then there would be no suppression of other sector pilots.  

2.2.  Example EVM Evaluation
In the following, we will consider 20MHz, 5MHz and 1.25MHz example bandwidth cases.  We’ll assume that the eNB controls the out-of-band spectrum with a simple 5-tap FIR filter in baseband. The filter operates of Chipx4 samples.  
The equalizer implementation in the EVM analyzer used sinc interpolation as described in [1].  

The spectrum with and without FIR filtering and the EVM equalizer curve fit are shown in Figure 1 through Figure 9. 
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Figure 1  Emissions without Filtering, 1.25MHz BW
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Figure 2  Emissions with Filtering, 1.25MHz BW
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Figure 3  EVM Curve Fit, 1.25MHz BW
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Figure 4  Emissions without Filtering, 5MHz BW
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Figure 5  Emissions with Filtering, 5MHz BW
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Figure 6  EVM Curve Fit, 5MHz BW
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Figure 7  Emissions without Filtering, 20MHz BW
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Figure 8  Emissions with Filtering, 20MHz BW
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Figure 9  EVM Curve Fit, 20MHz BW

In Table 2 below, the EVM results are summarized.  
Table 2   EVM Results
	Bandwidth (MHz)
	
	EVM w/o Equalization (%)
	EVM with Equalization (%)
	ACLR    (dB)

	1.25
	w/o FIR
	0
	0
	30

	
	w/ FIR
	18
	6.7
	34

	5
	w/o FIR
	0
	0
	35

	
	w/ FIR
	19
	2.8
	38

	20
	w/o FIR
	0
	0
	41

	
	w/ FIR
	18
	1
	44


As it can be seen in Table 2, there is a significant EVM degradation in the 1.25MHz case with the sinc interpolation method.  It is not known whether other interpolation methods would perform better in this scenario with the same restriction on the degrees of freedom.  
3. Conclusion

It is proposed that the equalizer curve fit is limited to 
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.  
Results have been presented with the previously proposed sinc interpolation method. 

References

[1] R4-070227
“LTE EVM Equalizer Definition”, Qualcomm Europe, RAN4 #42, February 2007
[2] R4-061253
“TP for definition of E-UTRA EVM for the BS”, Nokia, RAN4 #41, November 2007

[3] TS 36.211  “Physical Channels and Modulation (Release 8)”
� EMBED Equation.3  ���








1
1

[image: image26.wmf]ë

û

18

/

_freedom

Degrees_of

DL

BW

N

=

_1232172594.unknown

_1232172652.unknown

_1236380357.unknown

_1236380941.unknown

_1236380991.unknown

_1236379318.unknown

_1236380024.unknown

_1232172633.unknown

_1232171796.unknown

_1232171832.unknown

_1232171658.unknown

