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1. Introduction 

In this contribution, we discuss the status of the Band 13 A-MPR specification.  Preliminary measurement results of relevant PA performance are provided.       

2. Discussion
In Band 13, when NS_07 value is signaled, the UE needs to meet tight emissions requirements in the 763MHz…775MHz frequency range. 

The emissions performance in this frequency domain is limited by the following (not exhaustive): 

1. ACLR due to PA and other analog amps
2. IM3 products between desired Tx signal and IQ-image and IQ origin offset

3. ‘Counter-IM’ products

In the submitted simulation results [3-7], items 1 through 2 were simulated with assuming -30dBc IQ-image and -30dBc LO leakage and commonly used PA models.  As indicated earlier, we had concerns regarding item 3 and this issue is still under study.  

In the present contribution, we present results with three Band 13 PAs. These devices are not yet commercially available; however, we believe they do represent expected emissions performance.  The three PAs originated from three different manufacturers and they are specifically designed for 700MHz applications. For two PAs (PA#2 and PA#3), the data was provided by their manufacturer, while for the third (PA#1), the measurements were performed by us. 
2.1. Measurement procedure

For the measurements performed by us, the following procedure was followed:

1. Measure maximum absolute power, for which

a. 10MHz QPSK 12RB 0dB MPR waveform has 33dB ACLR (30dB requirement plus 3dB margin) when measured in adjacent 10MHz

b. 10MHz QPSK 50RB 1dB MPR waveform has 33dB ACLR (30dB requirement plus 3dB margin) when measured in adjacent 10MHz

2. Choose the lower of the two measured in 1a and 1b as 
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3. Use 12dB A-MPR waveforms with 
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 and measure maximum emissions in the 763MHz…775MHz range

4. Compare measured emission to target -63dBm/6.25kHz level (-60dBm/6.25kHz – 3dB margin)
The measurements for PA#1 yielded a reference power level 
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.  Note that a relatively high power level at the PA output will be required in the UE, because, for example, extra attenuation for the GPS filter insertion loss needs to be accounted for, therefore the total losses from the PA output to the antenna connector can be 4….5dB. 
2.2. Measurement results

After taking into account the 12dB A-MPR counted from the reference power level 
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, the measurements were taken at 15.8dBm power at the PA output. 

The emissions were measured at the closest possible measurement point 775MHz, which is the worst case when LO leakage and IQ-imbalance is not simulated, such as in the case of our simulations. 

The emission measurement for PA#1 for the 20RB and 50RB cases are shown in Figure 1 and Figure 2 below, respectively.  

Figure 1  Band 13, Power spectrum at PA output with 20RB allocation, PA#1
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Figure 2  Band 13, Power spectrum at PA output with 50RB allocation, PA#1
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The measurement results for PA#1 are shown in Table 1 below. 

	
	Allocated RBs

	
	0…19
	0…49
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   (dBm)
	15.9
	15.8

	Emissions at 775MHz (dBm/6.25kHz)
	-58.9
	-63.1

	Margin to NS_07   (dB)
	-4.1
	0.1


Table 1  PS (NS_07) emission results for PA#1
Note that margins assume that we target -63dBm/6.25kHz emission limit in order to account for other RF component contributions.  

The actual emissions at the antenna will be less than at the PA output due to insertion losses mentioned earlier but we reserve the resulting difference as systems margin to account for power setting and other errors. The UE will not be able to set the output power to the exact value implied by the A-MPR (e.g. 15.8dBm at PA output), and it is expected that the operating point can be higher than the ideal set point.  As it was pointed out earlier [7], this effect is not accommodated by the existing specification.  

A summary of results for all three PAs are summarized in Table 2 below.  Note that the results for PA#2 and PA#3 were provided by the manufacturers.  
	
	Allocated RBs

	
	0…19
	0…49

	PA#1
	Emissions at 775MHz (dBm/6.25kHz)
	-58.9
	-63.1

	
	Margin to NS_07   (dB)
	-4.1
	0.1

	PA#2
	Emissions at 775MHz (dBm/6.25kHz)
	-59.5
	N/A

	
	Margin to NS_07   (dB)
	-3.5
	N/A

	PA#3
	Emissions at 775MHz (dBm/6.25kHz)
	N/A
	-57

	
	Margin to NS_07   (dB)
	N/A
	-6


Table 2:  PS (NS_07) emission results for PA#1, #2, #3

As it can be seen from Table 2, the current Band 13 requirements are not met with the three tested PAs. 
We note that this is aligned with our earlier simulation results [7] where we proposed 14dB A-MPR for the cases for which test results were provided here. Those results are repeated in Table 3 below.
Table 3: A-MPR for “NS07”

	 
	Region A
	Region B
	Region C

	RB_start1
	[0] - [13]
	[14] – [43]
	[20] – [31]
	[44] – [49]
-

	L_CRB2 [RBs]
	[4-9]
	[1-3 and 10-50]
	≤8
	≤16
	

	 A-MPR [dB]
	7+x
	14+x
	0
	0
	2+x

	Note

1              RB_start indicates the lowest RB index of transmitted resource blocks
2              L_CRB is the length of a contiguous resource block allocation

3              Resource block allocations starting in any region may extend to the following regions


We recommend accommodating the apparently insufficient A-MPR by appropriate changes in the specification.  There are two ways this can be implemented. The first is to specify new A-MPR values. This would require a new set of simulations.  
The second is to relax the NS-07 emission limit. We recommend doing the latter because of the limited time available for completing simulations and because of the existing uncertainty regarding the counter-IM performance.  The proposed specification change is given in Table 4 below. 
Table 4: NS-07 requirements 

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	10 MHz
	

	763 ≤ f  ≤ 775
	-54
	6.25 kHz


3. Conclusions

Based on measurement results for Band 13 PAs, we concluded that the currently proposed LTE requirements will not be met. We recommend a 6dB relaxation in the NS_07 emission limit. 
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