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1 Introduction
In [1] the UE power class is specified in terms of a certain transmission configuration (RB) for QPSK. For large RB allocations and for 16QAM modulation a maximum power reduction (MPR) is allowed in order to meet the general E-UTRAACLR1 and the UTRAACLR1 requirements in these cases. An MPR is needed to be able to keep the UE power consumption for LTE at level comparable to that of WCDMA. 

In this contribution we look at the required MPR by means of simulations, and verify these by measurements in three different bands for different RB allocations. It turns out that the required MPR is up to 1.5 dB, this for 16QAM and large RB allocation at the channel band edge. The back-off also depends on the offset to the channel edge, and we show that it would be possible to derive a simple linear expression in terms of RB allocation and offset that governs the back-off. 

The results below only address the required ACLR, impacts on e.g. EVM have not been considered.   
Some results on PA power consumption are also shown to address the consequence of a tighter linearity requirement.    
2 MPR simulations

Figure 1 shows simulated results for different RB allocations at the band edge have been varied for 5, 10 and 20 MHz bandwidths. The MPR is relative to an output power of 23 dBm. 
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Figure 1: The required MPR relative to 23 dBm power output for different RB allocation (up to full allocation) at  the channel band edge for 16QAM (solid curves) and QPSK(dashed curves).  

The results above indicate the allowed MPR could be limited to about 1.5 dB in the worst case, which is 0.5 dB lower than the current assumption in [1], which is repeated below for convenience. It also appears that the RB allocation for MPR = 0 does not scale with bandwidth, as opposed to what is indicated by the tentative numbers in [1]. Furthermore, the difference between the required back-off for QPSK and 16QAM appears to be 0.6-0.7 dB. Notice also that the results show that no back-off is needed for 16QAM for the smallest allocations.
Table 6.2.3-1:  Maximum Power Reduction (MPR)  

	Modulation
	Channel bandwidth / Transmission bandwidth configuration [RB]
	MPR (dB)

	
	1.4 MHz
	1.6 MHz
	3 MHz
	3.2 MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz
	

	QPSK
	-
	> [TBD]
	> [TBD]
	> [TBD]
	> [8] 
	> [16]
	> [24]
	> [32]
	≤ [1]

	16 QAM
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ [8] 
	≤ [16]
	≤ [24]
	≤ [32]
	≤ [1]

	16 QAM
	> [TBD]
	> [TBD]
	> [TBD]
	> [TBD]
	> [8] 
	> [16]
	> [24]
	> [32]
	≤ [2]


Next we show the dependence on the offset from the band edge. Figure 2 shows the case for a 20 MHz bandwidth.
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Figure 2: MPR relative to 23 dBm for a 20 MHz channel bandwidth: the top surface is 16QAM, QPSK is below.
In Figure 3 the surfaces have been fitted to planes, with some margins included for clarity. This indicates that it would be possible to devise a rule for the back-off that is a linear expression in RB allocation and offset from the band edge to address concerns of excessive power reduction. Small and medium RB allocations e.g. around the carrier frequency could then use the nominal output power, which could be important for users at e.g. the cell edge.  
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Figure 3: Same case as in Figure 2, but now with the surfaces approximated by using planar patches.
3 MPR measurements
The required MPR has been measured using three different power amplifiers for Band I, Band VII and Band VIII, respectively. The maximum output power for a certain transmission configuration was always measured at UTRAACLR1 = 33dB, where the adjacent channel bandwidth was set to 4.096 MHz with a rectangular filter (to approximately capture RRC effects at 3.84 MHz). When UTRAACLR1=33dB was met, E-UTRAACLR1 and UTRAACLR2 were always over 30 dB and 36dB, respectively. 
Results are shown for the 5MHz, 10MHz and 20MHz channel bandwidths with QPSK and 16QAM modulation formats. The number of RB was varied, the allocated RB were always at the edge of the channel.  
In Figure 4, the required MPR for different transmission configurations using both modulation formats are shown. Here the MPR for E-UTRAN is set relative to the UMTS maximum output power for a CM = 0 12.2 kbps speech signal that just meets UTRAACLR1 = 33dB.
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Figure 4: The required power reduction relative to UMTS maximum power as a function of the the number of occupied sub-carriers.  The dotted lines are for QPSK and the full lines for 16QAM in case of 5MHz, 10MHz and 20MHz channel bandwidths.  Band I PA, o: Band VIII PA,  Band VII PA.
Figure 5 displays the same results averaged over the three bands measured.
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Figure 5: The required power reduction relative to UMTS maximum power as a function of the the number of occupied sub-carriers, averaged over Band I, VII and VIII. The dotted lines are for QPSK and the full lines for 16QAM in case of 5MHz, 10MHz and 20MHz channel bandwidths. 
If the MPR is set relative to the UMTS CM = 0 signal, then we obtain the MPR shown in Table 1. 
Table 1:  Maximum Power Reduction (MPR)

	Modulation
	Channel bandwidth / Transmission bandwidth configuration [RB]
	MPR (dB)

	
	5 MHz
	10  MHz
	20  MHz
	

	QPSK
	> 8 
	> 11
	> 17
	≤ 0.5

	16 QAM
	> 10 
	> 14
	> 22
	≤ 1

	16 QAM
	> 15
	> 21
	N/A
	≤ 1.5


For 16QAM we have MPR16QAM = MPRQPSK + 0.6 dB, which is a difference very close to that of the simulated result. 
Choosing the reference power in the measurements is not trivial. The absolute level of the back-off is higher in the measurements using a CM = 0 dB 12.2 kbps UMTS signal as a reference. If a worst case UMTS CM = 1 signal (for which no MPR is allowed) were chosen as a reference, then numbers would be reduced by up to 1 dB and thus to a level equal or smaller than the simulated results. 
4 MPR and PA power consumption 

Transmitter linearity for the different power classes can be improved (and MPR reduced) if the bias and hence power consumption are increased. Figure 6 shows the achievable output power of a 12.2 kbps UMTS at UTRAACLR1 = 33 dB as a function of PA power consumption. 
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Figure 6: Maximum output power against PA power consumption: dotted lines for QPSK and full lines for 16QAM. The bandwidths are 5MHz, 10MHz, and  20MHz. :Band1,:Band7, o: Band8.

Considering the significant increase in power consumption required, improving linearity by increasing the power consumption is therefore not an option. It is recalled that TS 25.913 [2] states that

“The E-UTRA and E-UTRAN Requirements should minimize the complexity of the E-UTRA UE in terms of size, weight, battery life (standby and active) consistent with the provision of the advanced services of the E-UTRA/UTRAN.”

5 Conclusions
According to simulations and measurements on three different amplifiers, required MPR to meet the ACLR1 requirements for E-UTRA and UTRA are up to 1.5 dB. It may be possible to devise a rule for the allowed MPR based on RB allocation and offset from the channel band edge, for example defined as planar patches. Increasing the PA power consumption significantly beyond that of WCDMA is not a viable option.
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