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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], [3], [4].  The current agreement is captured in [5].  
In this contribution, we give an updated proposal for the in-band emission requirements.  

2. Discussion 

In [5], the in-band emission requirements were defined as shown in Table 1 below. 
.  
	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

×

-

-

×

-




Table 1  Current In-band Emissions Requirements
As described earlier, we are proposing changes to address the appropriate definition of the reference level for the emissions (PSD vs. absolute).  
2.1. PSD vs. Absolute Reference Level  

One of the differences between the current requirement [5] given above and the one proposed in [2] is the way the emission floor is defined.  It is a common element that in both cases, the emission floor is defined as a power level per RB (i.e. the limit is expressed as a PSD); it is also common that the PSD limit is expressed relative to a reference level; however, the reference level is defined differently: 

1. emission floor PSD relative to the transmitted PSD in allocated RBs in [1],[5] 

2. emission floor PSD relative to the total transmitted power in all allocated RBs in [2],[6].  

Assume that the received signal is received at the same PSD level at the eNB.   Option 1) ensures that the interference received from another UE’s transmission stays constant independent of the other UE’s allocated BW.  However, this definition makes the combined emissions received from multiple UEs vary depending on the number of scheduled UEs. This is illustrated assuming two UEs in Figure 1 below. 
According to Option 2), the emission floor is expressed relative to the total transmit power.  In this case, the resulting noise floor stays constant irrespective of the number of allocated RBs.  This is illustrated assuming two UEs in Figure 2 below. 
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Figure 1   In-band Emission Floor with current requirement (Option 1)
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Figure 2   In-band Emission Floor with proposed requirement (Option 2)

2.2.  Evaluation of the Current Definition 

As it was shown in Figure 1 above, the received interference in a particular RB will depend on how the rest of the RBs are divided up among the other users.  If we assume a 20MHz BW LTE system with 100 allocated users then the current definition allows -25dB + 20dB = -5dB noise floor, i.e. the SNR can be as low as 5dB.  This will clearly have a negative impact on the achievable system performance.  
With the proposed requirement, we target a combined interference limit that is more in line with the accepted degradation, which is approximated based on the degradation due to EVM (21dB SNR for 64QAM). 
2.3. Absolute Limits
A relative limit may be too strict when considering transmission at minimum power level. For example, with a single RB allocated BW and 20MHz system BW, the mission floor would be -85dBm/180kHz at the minimum Tx power of -40dBm.  This would be difficult to meet. Therefore it would be useful to have an absolute limit and the requirement would be the looser of the relative and absolute limits.  The WCDMA off power limit is -56dBm/3.84MHz, which can be scaled to about -69dBm/180kHz. We propose -57dBm/180kHz as the LTE requirement. 
2.4. Impact of Phase Noise
The LO leakage (IQ origin offset) is already excluded as part of the measurement definition. It was pointed out at RAN4 #46b that this doesn’t eliminate all impacts of the phase noise.  To solve this, we propose a relaxation to -25dBc around the DC frequency. 
3. Proposed In-Band Emission Limits
As a result of the above considerations, we propose the requirements shown in Table 2 below.  

Table 2  In-Band Emission Limits
	Parameter Description
	Unit
	Limit  (Note 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (Note 2)

	IQ Image
	dB
	[-25]
	Image frequencies (Notes 2, 3)

	DC
	dBc
	[-25]
	LO frequency (Notes 4, 5)  

	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 measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power in one allocated RB, where the averaging is done across the allocated RBs. 
Note 3:
The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the centre carrier frequency, but excluding any allocated RB

Note 4:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs. 
Note 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if 
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The parameter definitions for Table 2 are the following:

· 
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 is the Transmission Bandwidth (number of allocated  RBs, see Figure 3 below [5])
· 
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 is the Transmission Bandwidth Configuration (total number of  RBs in the uplink, see Figure 3 below [5])
· 
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB outside of the allocated bandwidth)
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Table 3  Illustration of Bandwidth Parameter Definitions copied from Table 5.4.2-1 in [5]
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

· Introduce IQ-Imbalance and phase noise exception

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