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1. Introduction 

At RAN4 #41, contribution [1] was submitted, which discussed a new approach to evaluating EVM for E-UTRA base stations.  The main difference between the old [2] and new EVM calculation method is the result of using a new reference point for the signal extraction. 
In [3], we proposed a new EVM definition based on a timing window. In this contribution, we further discuss the effect of the timing window size to the EVM.
2. EVM Timing Offset Definition 

In [3], we proposed the following definition of EVM
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where 
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 means finding parameter 
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 is the distorted signal defined as [1]
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where  
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 represent degrees of freedom over which the minimum distance search is carried out.  
The EVM analyzer would search for the best combination of 
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 to find the best signal correlation.  

The essence of equation (1) is that instead of searching for the best time offset parameter 
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, we search for the best window centre offset parameter 
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, for which any timing offset within the window has to satisfy the EVM criteria.  The window length parameter 
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 can be determined as part of the requirement definition. When the cyclic prefix length is varies from symbol to symbol (e.g. TDM’s MBMS and unicast) then  
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 should be restricted to a subset with identical cyclic prefix length. 

2.1.  Timing Offset and Window Length
As a result of using a cyclic prefix, there is a range of
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~

D

, which, at least in the case of perfect Tx signal quality, should give close to minimum error vector magnitude. As a matter of fact, as a first order approximation, that range should be equal to the length of the cyclic prefix.  Any time domain windowing or FIR pulseshaping applied on the transmitter side would reduce the 
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 range within which the error vector is close to minimum. The window length 
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 affects EVM, and could be expressed as a certain percentile of the configured cyclic prefix length. In fact, W should be a function of the utilized time window length and/or FIR. In the case where equalization is present, as with frequency domain EVM computation, the effect of FIR is reduced. This is because the equalization can correct most of the linear distortion introduced by the FIR. However, the time domain windowing effect can’t be removed. As a rule of thumb, the window length W can be appropriated to be 85 % the length of the cyclic prefix. In our simulation in the next Section, we use a conservative value of window length W to be equal 78 % the length of cyclic prefix. 
3. Results
3.1. Simulation Setup

The evaluation is performed using the following numerology.
	Bandwidth MHz
	FFT size
	Guard tones
	Useful tones
	Tone spacing
	Cyclic prefix length
	Time domain windowing
	FIR length

	1.25
	128
	53
	72
	15 KHz
	9
	No
	47

	2.5
	256
	106
	150
	
	18
	
	

	5
	512
	212
	300
	
	36
	
	

	10
	1024
	424
	600
	
	72
	
	

	15
	2048
	1148
	900
	
	144
	
	

	20
	2048
	848
	1200
	
	144
	
	


Table 1  Evaluation Numerology

The channel simulated is assumed to be single path AWGN, which approximates well the cabled test setup used for EVM measurements.  
3.2. EVM Results
Figures 1 through 6 show the simulation results of the EVM in frequency domain as a function of the initial timing index (time offsets) for BW = {1.25, 2.5, 5, 10, 15, 20} MHz, respectively.

As seen from the figures, the EVM curves are symmetric around the center of the cyclic prefix length, where minima are reached.
The figures also show the effect of the timing offsets – which is clearly worse at the beginning and end of the cyclic prefix duration. This is caused by the inter-symbol interference (i.e. leakage between adjacent OFDM time symbols), which is the artifact of the FIR. 

Note that the simulations were done with assuming floating point resolution, no PA distortion, and no windowing of the time domain symbols by the transmitter.  The use of a baseband FIR filter was assumed, where the filter had a relatively long impulse response.  Utilizing the FIR filter made the simulated system capable of passing the emission and ACLR requirements (when checking this, the LTE requirements were assumed to be scaled versions of the existing WCDMA requirements).  

In any case, the EVM results shown in Figures 1 through 6 should be interpreted as lower bounds on EVM.  What we intended to show is that it is possible to require a relatively high 
[image: image20.wmf]W

 value, i.e. a high percentage of available cyclic prefix relative to the total CP length, and still expect that the inter-symbol interference contribution to the EVM to be small.  
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Figure 1:  EVM as a function of initial timing index; BW = 1.25MHz
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Figure 2:  EVM as a function of initial timing index; BW = 2.5 MHz
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Figure 3:  EVM as a function of initial timing index; BW = 5 MHz
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Figure 4:  EVM as a function of initial timing index; BW = 10 MHz
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Figure 5:  EVM as a function of initial timing index; BW = 15 MHz
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Figure 6:  EVM as a function of initial timing index; BW = 20 MHz

Based on Figures 1 through 6, we would recommend the W window length values shown in Table 2 for the considered bandwidths cases.

	Bandwidth (MHz)
	EVM window length W
	Ratio of W to total CP (%)
	EVM    (%)

	1.25
	7
	78
	0.5

	2.5
	16
	89
	0.4

	5
	32
	89
	0.3

	10
	66
	92
	0.27

	15
	136
	94
	0.27

	20
	136
	94
	0.27


Table 2
EVM Window Length

Note that the rules for determining the W window length values were somewhat arbitrary.  In the small bandwidth cases, we’d allow some EVM degradation in exchange for preserving the available CP length.  In the high bandwidth cases such trade offs are not necessary, so we’d recommend using the highest W window length value that can still achieve EVM values close to their minima. 
4. Conclusion

We propose to define the E-UTRA base station EVM requirement so that the EVM must be met over a certain range of time offsets not just at a single point.  The range of time offsets is recommended to be in the 78%...94% range, depending on the system bandwidth. 
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