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1
Introduction
In [1], a proposal was made for the definition of the LTE UE emission mask and MPR definitions.  A related analysis was given in [2], where FCC Part 24, 27 and PHS regulatory requirements were considered.  In [3], [4], [5], [6], further MPR related simulation data was provided.  In this contribution, we extend the results of [6] by adding ACLR and EVM simulation results.     
2
Simulation Assumptions
Only the proposed LTE SEM [1] and the FCC Part 22 and 24 rules are considered. 

The UE output power without MPR was assumed to be 23dBm.  

In the simulations, we modelled origin offset and IQ-imbalance.  The following assumptions were made, for the EVM and ACLR simulations, based on partly ongoing discussions related to the UE EVM definition.  

· Origin offset: -25dBc  at 23dBm output power

· IQ-imbalance: -28dBc

Note that these are slightly different from the data used in [5], [6], and used in the emissions evaluations here; however, the results shouldn’t change significantly due to this.  

The following bandwidth cases were evaluated:

· 1.4 MHz,  maximum 6 RB

· 3 MHz,  maximum  15 RB

· 5 MHz,  maximum  25 RB

· 10 MHz,  maximum  50 RB

· 15 MHz,  maximum  75 RB

· 20 MHz,  maximum  100 RB
4 Simulation Result 
As a basis for emissions evaluation, the following MPR allowance was simulated. 

· 1.4 MHz,  all cases of 0dB, 1dB, 2dB MPR was simulated

· 3 MHz,   NRB ≤ 3  ( 0dB MPR    NRB ≥ 4  ( 1dB MPR

· 5 MHz,   NRB ≤ 3  ( 0dB MPR    NRB ≥ 4  ( 1dB MPR

· 10 MHz,  NRB ≤ 3  ( 0dB MPR    NRB ≥ 4  ( 1dB MPR

· 15 MHz,  NRB ≤ 5  ( 0dB MPR    NRB ≥ 6  ( 1dB MPR

· 20 MHz,  NRB ≤ 5  ( 0dB MPR    NRB ≥ 6  ( 1dB MPR

Note that the emissions related MPR is not always the limiting factor; therefore the breakpoints above are not the proposed values. 

Note that there are no other intermediate RB allocation cases due to the DFT size restriction adopted by RAN1. 

The results are shown in Figures 1-40 below.   

In all emissions Figures, the red curve represents the SEM proposed in [1].  Note that due to the different measurement bandwidth (15kHz vs. 100kHz), there is an approximately 8dB offset relative to the results shown in [1] and a 3dB offset relative to the results in [2].  

For the 1MHz immediately outside of the block, we used: 

· BW=1.4MHz:    -13dBm/15kHz  (-5dBm/100kHz) emission limits; this is slightly tighter than FCC Part 22, 24

· BW=3MHz:       -16dBm/15kHz  (-8dBm/100kHz) 

Note that the above is our requirement proposal. 

For each BW case (except for 1.4MHz where there is no w/o MPR emissions), the following results are shown in order:

· Emissions with select RB allocation without MPR, always showing the allocation immediately below and immediately above the assumed MPR breakpoint; note that MPR is based on emissions only in these Figures

· Emissions with select RB allocation with MPR, always showing the allocation immediately below and immediately above the assumed MPR breakpoint; note that MPR is based on emissions only in these Figures

· ACLR1:  adjacent LTE system with identical system BW

· ACLR2:  alternate LTE system with identical system BW

· WACLR1:  adjacent WCDMA system with RRC

· WACLR2:  alternate WCDMA system with RRC

· EVM:  composite EVM; Note that IQ origin offset (LO leakage) is not removed from these results therefore they are conservative; Non-allocated RB emissions are not removed either but the effect of this should be minor. Due to an error, the vertical scale and y-axis label don’t match in the plots.  The y-axis label should be ‘EVM’ without the ‘(%)’ unit.     
Note that in general, ACLR values above 50dB are not accurate due to ‘simulation noise’. 

In the following, the results are shown. 
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Figure 1  1.4 MHz 16-QAM Emissions
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Figure 2  1.4 MHz 16-QAM LTE-LTE ACLR1
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Figure 3  1.4 MHz 16-QAM LTE-LTE ACLR2
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Figure 4  1.4 MHz 16-QAM LTE-WCDMA ACLR1
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Figure 5   1.4 MHz 16-QAM Composite EVM
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Figure 6  3 MHz 16-QAM Emissions without MPR
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Figure 7  3 MHz 16-QAM Emissions with MPR
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Figure 8  3 MHz 16-QAM LTE-LTE ACLR1
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Figure 9  3 MHz 16-QAM LTE-LTE ACLR2
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Figure 10  3 MHz 16-QAM LTE-WCDMA ACLR1
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Figure 11  3 MHz 16-QAM LTE-WCDMA ACLR2
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Figure 12  3 MHz 16-QAM Composite EVM
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Figure 13  5 MHz 16-QAM Emissions without MPR
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Figure 14  5 MHz 16-QAM Emissions with MPR
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Figure 15  5 MHz 16-QAM LTE-LTE ACLR1
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Figure 16  5 MHz 16-QAM LTE-LTE ACLR2
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Figure 17  5 MHz 16-QAM LTE-WCDMA ACLR1
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Figure 18  5 MHz 16-QAM LTE-WCDMA ACLR2
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Figure 19  5 MHz 16-QAM Composite EVM
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Figure 20   10 MHz 16-QAM Emissions without MPR
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Figure 21  10 MHz 16-QAM Emissions with MPR
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Figure 22  10 MHz 16-QAM LTE-LTE ACLR1
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Figure 23  10 MHz 16-QAM LTE-LTE ACLR2
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Figure 24  10 MHz 16-QAM LTE-WCDMA ACLR1
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Figure 25  10 MHz 16-QAM LTE-WCDMA ACLR2
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Figure 26  10 MHz 16-QAM Composite EVM
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Figure 27  15 MHz 16-QAM Emissions without MPR
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Figure 28  15 MHz 16-QAM Emissions with MPR
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Figure 29  15 MHz 16-QAM LTE-LTE ACLR1
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Figure 30  15 MHz 16-QAM LTE-LTE ACLR2
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Figure 31  15 MHz 16-QAM LTE-WCDMA ACLR1
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Figure 32  15 MHz 16-QAM LTE-WCDMA ACLR2
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Figure 33  15 MHz 16-QAM Composite EVM
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Figure 34  20 MHz 16-QAM Emissions without MPR
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Figure 35  20 MHz 16-QAM Emissions with MPR
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Figure 36  20 MHz 16-QAM LTE-LTE ACLR1
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Figure 37  20 MHz 16-QAM LTE-LTE ACLR2
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Figure 38  20 MHz 16-QAM LTE-WCDMA ACLR1
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Figure 39  20 MHz 16-QAM LTE-WCDMA ACLR2
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Figure 40  20 MHz 16-QAM Composite EVM
3.1
MPR Breakpoints

In the following, we give a summary of the MPR results as read from Figures 1-40. 

Table 1 shows the MPR=1dB breakpoints and Table 2 shows the MPR=2dB breakpoints.  Note that all MPR values are absolute in the sense that they are relative to 23dBm, not relative to (23dBm minus MPR_QPSK). 

When reading the MPR dictated by ACLR, a 2dB implementation margin in ACLR was assumed.  
The notation ‘(+)’ in Table 2 means that 2dB MPR is not sufficient. 

	System BW (MHz)
	EVM 12.5% 
	ACLR1 30dB
	ACLR2 43dB
	WACLR1 33dB
	WACLR2 36dB
	WACLR2 43dB
	SEM
	SEM + Part 22

	1.4
	No
	4
	No
	No
	No
	No
	No
	TBD

	3
	No
	3
	No
	6
	No
	No
	3
	TBD

	5
	No
	6
	No
	6
	No
	No
	3
	TBD

	10
	No
	12
	No
	10
	No
	0
	3
	TBD

	15
	No
	20
	No
	12
	54
	0
	0
	TBD

	20
	No
	27
	No
	16
	60
	0
	0
	TBD


Table 1  16-QAM MPR=1dB Breakpoints

	System BW (MHz)
	EVM 12.5% 
	ACLR1 30dB
	ACLR2 43dB
	WACLR1 33dB
	WACLR2 36dB
	WACLR2 43dB
	SEM
	SEM + Part 22

	1.4
	No
	No
	No
	No
	No
	No
	No
	TBD

	3
	No
	No
	No
	10
	No
	No
	No
	TBD

	5
	No
	No
	No
	12
	No
	No
	No
	TBD

	10
	No
	No
	No
	16
	No
	32(+)
	No
	TBD

	15
	No
	No
	No
	20
	No
	32(+)
	No
	TBD

	20
	No
	No
	No
	24
	No
	0(+)
	No
	TBD


Table 2  16-QAM MPR=2dB Breakpoints 
Based on Table 2, there is no MPR=2dB requirement for QPSK.  The only case where 2dB or more back-off is required is WACLR2 43dB, which falls in the A-MPR category. 

The results were summarized in Table 3 and Table 4, where the values were chosen by selecting the minimum values in Table 1 and Table 2, respectively. 
	System BW (MHz)
	MPR 
[image: image41.wmf]³

 1dB if #RB > X
	Limiting Requirement

	1.4
	X=4
	ACLR1

	3
	X=3
	SEM

	5
	X=3
	SEM

	10
	X=3
	SEM

	15
	X=0
	SEM

	20
	X=0
	SEM


Table 3  Minimum MPR Breakpoints for MPR=1dB
	System BW (MHz)
	MPR 
[image: image42.wmf]³

 2dB if #RB > X 
	Limiting Requirement

	1.4
	No
	---

	3
	X=10
	WACLR1

	5
	X=12
	WACLR1

	10
	X=16
	WACLR1

	15
	X=20
	WACLR1

	20
	X=24
	WACLR1


Table 4   Minimum MPR Breakpoints for MPR=2dB

3.2
Proposed MPR
The values in Table 3, 4 are also summarized in Tables 5 and 6 below, according to the format found in [7].  The highlighted row shows the results of this contribution.  

Table 5 shows the 16QAM MPR numbers obtained y the simulations. There is a possibility to have no MPR for very low MPR allocations.  Alternatively, we can simplify MPR by starting the application of MPR=1dB from 1RB.  This is shown in Table 6.  Note that Table 6 represents an up to 4RB relative to Table 5.   

Table 5  Maximum Power Reduction (MPR), Full Version
	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]
	> 6
	> [TBD]
	> 8
	> 12
	> 16
	> 20
	≤ 1

	16 QAM
	> 4
	≤ [TBD]
	> 3
	≤ [TBD]
	 > 3
	> 3
	> 0
	> 0
	≤ 1

	16 QAM
	-
	≤ [TBD]
	> 10
	≤ [TBD]
	 > 12
	> 16
	> 20
	> 24
	≤ 2


Table 6  Maximum Power Reduction (MPR), Simplified Version
	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]
	> 6
	> [TBD]
	> 8
	> 12
	> 16
	> 20
	≤ 1

	16 QAM
	> 4
	≤ [TBD]
	> 0
	≤ [TBD]
	 > 0
	> 0
	> 0
	> 0
	≤ 1

	16 QAM
	-
	> [TBD]
	> 6
	> [TBD]
	> 8
	> 12
	> 16
	> 20
	≤ 2


Note that in the studied cases, the 16-QAM 2dB breakpoints are 4RB above the QPSK 1dB breakpoints, except for the 1.4MHz case where there is no 16-QAM 2dB breakpoint. 
We propose to keep the 4RB 16-QAM 1dB breakpoint for 1.4MHz because this system bandwidth is already disadvantaged by <90% spectrum utilization.   
4
Conclusions

Simulation results were provided for the required 16-QAM MPR with the current SEM working assumption. 

Origin offset and IQ-imbalance were included in the UE model. 

We found that for meeting the SEM, EVM and ACLR requirements, a flat additional 1dB MPR compared to QPSK is somewhat conservative but acceptable.  This gives a 4RB reduction compared to the direct results of the simulation in all studied BW cases, except for 1.4MHz.    
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