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1. Introduction 

At earlier RAN4 meetings, there have been discussions about the LTE UE EVM measurement methodology and requirements [1], [2].  The current agreement was captured in [3].  
In this contribution, we describe our views regarding the current set of LTE UE EVM requirements.  

2. Discussion 

In [1], we have proposed the in-band emission 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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In the consensus proposal [3], this had been replaced by the following

.  
	Relative emissions ( non-allocated PSD / allocated PSD in dB )
	Absolute emissions (dBm/180kHz)
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	TBD


As we mentioned earlier, we agree in principle with the changes introduced in the consensus proposal; however, we have some concerns regarding the current general requirement of -25dB relative PSD limit.  
As a corner case, we considered a 20MHz BW LTE system, with 100 UE’s transmitting simultaneously each with a single RB allocation, and each received at the same power at the eNB.  In this case, while the self-noise EVM specification should ensure a minimum of 15dB SNR for each RB (assuming 17.5% QPSK EVM), the sum total of other UE in-band emission would be ~20+(-25dB)=-5dB, which would completely dominate the noise term and would severely degrade performance.  Of course, it is unlikely that all 100 interfering UEs would emit noise at the maximum allowed level but still, the requirement in its current form appears somewhat loose.  
To ensure a 3dB maximum allowed EVM degradation due to in-band emissions, we’d need the sum in-band emission to be at -15dB, which would result in the general relative in-band emission limit to be at -35dB instead of the current -25dB.  We feel this would be a good starting point for defining the in-band emissions. 
2.1.  IQ-Imbalance

There have been concerns expressed regarding a requirement such as -35dB general relative PSD, as it could be difficult to meet due to noise caused by IQ-imbalance.  Therefore, if the -35dB general limit is accepted then we may have to introduce an in-band emission exception for the spectral image.  Here we assume a -30dB PSD exception; however, the exact number is TBD. 

The exception can be expressed as

	Relative emissions ( non-allocated PSD / allocated PSD in dB )
	Absolute emissions (dBm/180kHz)
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	[TBD]


where c is the frequency tone index of the lower edge of the allocated BW and 
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. for the first adjacent RB, 
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2.1.1.  Overlap of IQ-Imbalance and EVM
It is possible that all or parts of the RBs impacted by IQ-Imbalance spectral image coincide with the RBs allocated for transmission.  This happens when the allocated RBs span across DC.  In these cases, we have to decide whether the IQ-Imbalance exception should be added as an additional relaxation for the EVM similar to as it is added to in-band emissions.  
As an example, if EVM was 9%, which is equivalent to a 21dB SNR, then if we factor in an additional -30dB IQ-Imbalance noise term, we’d have 
[image: image11.wmf]%

5

.

9

10

)

100

/

9

(

)

10

/

30

(

2

=

+

-

 EVM
In our opinion, such a relaxation would be an unnecessary complication, therefore the EVM allowance should not be made dependent on the relative position of the allocated block and the frequency mirror image.

2.2.  BW Dependency of the PSD limit
The in-band emission limit definition in both [1] and [3] is in terms of relative PSD.  Conceptually, this is appropriate for close-in emissions dominated by IM, since the emissions picture scales ‘horizontally’ between different #RB allocation cases.  If we consider however that the -35dB (or -25dB) proposed relative emission floor is applicable further away from the fundamental signal transmission, such a scaling may not be appropriate.  

Assume, for example, a 20MHz BW LTE system and a UE transmitting at maximum power in a 12-tone (e.g. PUCCH) allocation at the highest RB.  In the lower frequency range of the 20MHz BW, this UE is allowed to emit a certain level of in-band power.  If now the same UE is transmitting 10RBs in the upper end of the BW, then its allowed emissions would drop by 10dB in the lower and of the BW when compared to the single RB Tx allocation case. Even though in practice the in-band emissions would probably be the same between the 1RB Tx and 10RB Tx cases.    

Because of the above considerations, we propose the in-band emission floor to be defined in terms of a PSD limit relative to the transmit power, as opposed to PSD limit relative to the PSD in the allocated BW
3. Proposed In-Band Emission Limits
As a result of the above considerations, we propose the following 

Table 1  In-Band Emission Limits
	Parameter Description
	Unit
	Limit  (Note 1)
	Applicable Frequencies
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	Any non-allocated
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	Note 1:
The minimum requirement is calculated from the absolute or relative requirement that represents the highest power. 

Note 2:
The applicable frequencies for this limit are those that are included in the reflection of the allocated bandwidth, based on symmetry with respect to DC, but excluding any allocated RB


The parameter definitions for Table 1 are the following:
· c is the frequency tone index of the lower edge of the allocated BW 

· 
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Where 
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 is the output of the front-end FFT in the EVM analyzer. 
4. Conclusion
A proposal was given for modifying the UL EVM limit definitions.  The main features of the proposal are the following:
· Introduce an IQ-Imbalance exception
· Express the in-band emission floor as relative dBc instead of relative PSD

We suggest that the proposal presented here be considered in determining the LTE requirements. 
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