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1. Introduction 

At earlier RAN4 meetings, there have been discussions about the LTE UE EVM measurement methodology [1], [2], [3].  The expressed views differed mainly in the level of separation of requirements for different impairment types.  In [1], essentially a common requirement is proposed with a possible separate requirement for LO leakage. In [2], different requirements are proposed for allocated RBs, non-allocated RBs, spectral mirror image and LO leakage.  
In this contribution, we describe our views regarding the LTE UE EVM methodology.  

2. Discussion 

According to [1], the main motivation of specifying a single average EVM value (with exceptions) across the whole UL system BW is simplicity.  Even if it is assumed that the in-band emissions from a single UE is not uniform, as it is likely to be the case, once the emissions from all UEs are added together, the unevenness should average out [1].  This; however, assumes that all UEs are received at comparable power spectral density (PSD) levels at the eNB.  This may not be the case for various reasons.  For example, in [6], it was proposed that UEs with low path loss, could be allocated systematically higher PSD (i.e. higher spectral efficiency transport block formats) compared to UEs with higher path loss.  Even if such allocation is not targeted by design, similar effects can occur due to power control inefficiencies.  In these cases, it would be beneficial if the eNB could use some assumption on structure of the in-band emissions in order to optimize the UL scheduling. 

Suppose, for example, that the eNB schedules a UE using high order modulation to be received at a PSD substantially above IOT.  Assume also that the eNB considers scheduling an edge of coverage power limited UE in an adjacent RB. To determine the optimum allocation, the eNB would need to know the in-band emissions from a UE to the adjacent RBs, which, without specification is not known well.  The adjacent RB might experience emissions significantly higher than the average.    
Therefore, there is at least some benefit of a more selective definition of EVM/in-band emissions.  Of course, this view has to be contrasted with the increase in testing complexity.  It would seem that that increase is moderate, since most of the measurements and calculations would be carried out anyway as part of the equalization and RB separation in the EVM analyzer.  In the following, we give more details of our proposal.  

2.1.  Basic EVM definitions

In the context of this contribution, we will use the following terminology: 

1. EVM:  the error vector magnitude measured in the allocated RBs. This is a single value which is a result of error averaging across the span of the allocated resource blocks, both in frequency and time.  

2. In-band emissions:  emission in the non-allocated RBs.  In-band emissions would be measured on a per RB average basis, also averaged across time. 

The eNB receiver would carry out the following operations: 
1. RF front end processing, downconversion to baseband

2. Front end FFT

3. Separation of allocated and non-allocated RBs

4. Channel equalization in allocated RB

5. IDFT

6. Symbol demodulation

The EVM analyzer processing would be identical to the eNB receiver processing above, as far as the EVM in the allocated RBs is measured.  
2.2. EVM Definition  

It is beneficial to maintain as much commonality with the downlink as possible.  This can be achieved by using basically the same definition as was agreed for the downlink. 

Some small differences with respect to the DL are:

1. The reference signal structure is different

2. There can be very small BW allocations where frequency domain equalization is not a very practical option

For the equalizer curve fitting operation, we propose the following parameters:
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For the EVM limit values, applicable at 
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,  we propose the following parameters:

	Modulation format
	Equalizer
	EVM (%)

	QPSK
	On
	17.5

	16QAM
	
	12.5

	64QAM
	
	[9]

	QPSK
	Off
	17.5

	16QAM
	
	17.5

	64QAM
	
	17.5

	PUCCH
	
	[FFS <17.5]


The motivation for defining certain EVM limits with the equalizer turned off was described in [7].  

2.3.  In-band Emissions

For non-allocated RBs, the EVM analyzer would split into a separate branch at step 3 of the receiver processing listed in Section 2.1.  The in-band emissions would be measured as follows: 
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where 
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (i.e. for the first adjacent RB, 
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 is the lower edge of the UL system BW, c is the lower edge of the allocated BW, 
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 is the number of contiguous RBs allocated to the fundamental UE transmission, and 
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 is the front-end FFT output for frequency 
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.  
Note that above definition is valid for RBs below the allocated frequency block. For RBs above the allocated frequency block, an equivalent definition can be used with sign change. 

Note that the above definition could also be used with UL frequency hopping but this option will be ignored here.  
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The measured in-band emissions would be compared to the requirements shown in the following table: 
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	Relative emissions (non-allocated PSD / allocated PSD in dB )
	Absolute emissions (dBm/180kHz)
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Note that we do not propose to have a separate limit (or relaxation) for spectral image caused by the IQ imbalance.  The reason is that the typical values should be low enough to fit in the above requirements.  We do propose a separate limit for LO leakage, which is discussed separately.  

2.4.  LO Leakage

One possible way of addressing LO leakage is to define a corresponding parameter that is matched as part of the EVM optimization process [8].  This means measuring the carrier leakage coefficient and subtracting the corresponding signal even before the FFT operation.  In other words, the error minimization step also includes selecting a carrier coefficient offset besides selecting the frequency, time offset and equalizer coefficients to minimise the error vector.  The carrier coefficient offset is the phase and amplitude of an additive sinusoid waveform that has the same frequency as the reference waveform carrier frequency.  The estimated carrier coefficient offset shall not be removed from the evaluated signal before further processing; however, the removed carrier coefficient offset amplitude also has to satisfy the applicable requirements.  

Due to the half tone offset defined for the LTE UL, measuring the DC value after the front-end FFT is not more accurate than measuring the carrier coefficients before the front-end FFT. But both implementations would give identical results. 
The proposed requirement for the LO leakage would be as shown in the following table 

	
	Relative Limit (dBc)
	Absolute Limit (dBm)

	LO Leakage
	[-35]
	[-50]


Further details of the LO leakage definition can be found in [8]. 
3. Conclusion
A proposal was given for defining the UL EVM methodology.  The main features of the proposal are as follows:
· Separate requirements for 

· EVM within allocated RBs

· In-band emissions per RB within the system BW but outside of the allocated RBs

· LO leakage

We suggest that the proposal presented here be considered in determining the LTE requirements. 
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The in-band emission is defined as an average across 12 tones and as a function of RB offset from the edge of the allocated UL block. 


The in-band emission is measured as dB value comparing the PSD in the allocated RB(s) and s non-allocated RB


The in band emissions are determined directly from the front-end FFT output, therefore there is no need to consider any impact of frequency domain equalization. 
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