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1. Introduction 

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

2. Discussion 

In [3], the in-band emission requirements were defined as shown in the following Table

.  
	Relative emissions ( non-allocated PSD / allocated PSD in dB )

	
[image: image1.wmf][

]

)

/

)

1

(

10

3

)

log

20

(

,

25

max

10

RB

RB

N

EVM

-

D

×

-

-

×

-




As described earlier, we have concerns regarding the current general requirement of -25dB relative PSD limit.  
As it is well known, in an OFDM or LFDM system, the Tx signal is synthesized by using an IFFT block at the output.  The processing and power requirements for that IFFT block is one of the key design choices, and it is expected that UE modem designs will trade-off  IFFT bit-width against output SNR.  

In an example, we can simply demonstrate that the current EVM and in-band emission specification permits using a 5-bit IFFT block even though using the same doesn’t preserve system performance. 

2.1. Example  

Consider a 20MHz BW LTE system, and a 5-bit 2048-point IFFT engine in the UE transmitter. With 5-bit resolution, a baseline 35dB SQNR could be achieved. With allowing for some headroom, we will assume 28dB SQNR here.  We will also assume that the IFFT will not introduce further errors beyond quantization, so the output SNR will be about 28dB in the case of 100RB allocation. This is sufficient for meeting the EVM requirements possibly for even 64QAM modulation. 

Suppose now that the allocated BW is reduced from 100RBs to a single RB. Since the 5-bit full scale limits the total IFFT input power into a single tone to about the same level regardless of the RB allocation, the single RB allocation will result in an IFFT output power 20dB below the level of the 100RB output.  Of course, the final conducted output power can be still increased to the same level for single RB as the 100RB allocation case but this will be done with gain adjustment after the IFFT engine. So we can conclude that the output power level and therefore the output SQNR will be reduced by 20dB to 8dB in the case of single RB allocation compared to the 100RB allocation case. 

Note that even though the SQNR is reduced to 8dB in the single RB allocation case, the performance requirements will be still met:

· For the purpose of EVM, only the noise in the allocated RB is considered so the SNR for EVM purposes is still 28dB

· For the purpose of in-band emissions, the noise in a single non-allocated RB is considered, which is still 28dB below the transmitted power in the allocated RB

However, when adding up the noise transmitted by all UEs, the in-band noise will degrade system performance.  For example, in the case of UL VoIP, there would be a lot of users with one or two RB allocation. At close to maximum VoIP load, the best achievable SNR is about 8dB based on the previous assumptions.  So if the remaining fraction of the bandwidth was to be allocated to best effort data transmission, neither 16QAM nor 64QAM could be used.   
2.2. Observations

Based on the example given above, we can observe the following:

· The IFFT quantization noise is the dominant factor creating in-band emissions outside of the IM3 area around the allocated RBs
· The IFFT quantization noise does not scale with allocated PSD but rather it scales inversely proportional to it. With the same output power, smaller RB allocation will result in higher in-band emissions in general. This depends on the actual IFFT implementation and can be alleviated by appropriate design, but it is still true that when there are many UEs with small RB allocations, the in-band emission impact will increase. 
Due to the above, the current in-band emission requirement structure doesn’t seem suitable. 
2.3. Absolute Limits
A relative limit may be too strict when considering transmission at minimum power level. The analog components have a noise floor that doesn’t necessarily scale with transmit power. Therefore it would be useful to have an absolute limit and the requirement would be the looser of the relative and absolute limits.  
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

	General
	dB
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	Any non-allocated

	IQ Image
	dB
	[-25]
	Image frequencies (Note 2)

	Absolute
	dBm/180kHz
	[-57]
	Any non-allocated

	Note 1:
The minimum requirement is calculated from any of the listed requirements, whichever is the highest power. 

Note 2:
The applicable frequencies for this limit are those that are enclosed 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:

· 
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4. Conclusion
A proposal was given for modifying the UL in-band emission limit definitions.  The main features of the proposal are the following:
· Express the in-band emission floor as relative to Tx power rather instead of relative to Tx PSD

· IQ-Imbalance exception

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