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1	Introduction
[bookmark: _Toc286177644] In this contribution, the sourcing company proposes MPR required for 3CC UL CA for both contiguous and non-contiguous allocations. The results presented here are based on simulations and measurements. 
This is a resubmission of [3] from RAN4 meeting #81. 
2	Discussion
2.1	Background
Initial MPR studies for Class D UL CA were presented in [1] in RAN4#80bis. Table 1 below is the summary of the MPR studies from [1].
This document is a follow up of the above discussion. MPR for contiguous and non-contiguous allocations for Class D has been simulated and measured for a few PAs to validate simulation results. 
It was found that for some cases, mainly for 64 QAM, required MPR was limited by PA EVM target of 4% [2]. 
2.2	Simulation results
2.2.1	Assumptions for simulations
The set point for PA for a power class 3 UE was set such that a 1 dB MPR fully allocated (100 RB) LTE Rel-8 carrier (per Table 6.2.3-1 in 36.101), the reported UTRAACLR1 level is 33 dB. MPR values mentioned in this paper are w.r.t. to this PA set point.
Table 2 gives the assumptions for the simulation and Table 4 indicates the CC combinations for which simulations and measurements were performed. Table 3 shows the emissions mask used for simulations. 
Table 1. Class D MPR for QPSK and 16-QAM [1]
	Modulation
	CA bandwidth Class D
	MPR (dB)

	
	50 RB + 75 RB + 100RB
	50 RB + 100 RB + 100 RB
	75 RB + 75 RB + 100 RB
	75 RB + 100 RB + 100 RB
	100 RB + 100 RB + 100 RB
	

	QPSK
	> 12 and ≤ 50
	> 12 and ≤ 50
	> 16 and ≤ 75
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 1

	QPSK
	> 50 and ≤ 125
	> 50 and ≤ 150
	> 75 and ≤ 150
	> 75 and ≤ 175
	> 100 and ≤ 200
	≤ 2

	QPSK
	> 125
	> 150
	> 150
	> 175
	> 200
	≤ 3

	16 QAM
	≤ 8
	≤ 12
	≤ 8
	≤ 12
	≤ 16
	≤ 1

	16 QAM
	> 12 and ≤ 50
	> 12 and ≤ 50
	> 16 and ≤ 75
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 2

	16 QAM
	> 50 and ≤ 225
	> 50 and ≤ 250
	> 75 and ≤ 250
	> 75 and ≤ 275
	> 100 and ≤ 300
	≤ 3

	64 QAM
	≤ 12 allocation wholly contained within a single CC 
	≤ 12 and allocation wholly contained within a single CC 
	≤ 16 and allocation wholly contained within a single CC
	≤ 16 and allocation wholly contained within a single CC
	≤ 18 and allocation wholly contained within a single CC
	≤ 2

	64 QAM
	> 12 allocation wholly contained within a single CC or allocation extends across two CC’s 
	> 12 allocation wholly contained within a single CC or allocation extends across two CC’s 
	> 16 allocation wholly contained within a single CC or allocation extends across two CC’s
	> 16 allocation wholly contained within a single CC or allocation extends across two CC’s
	> 18 allocation wholly contained within a single CC or allocation extends across two CC’s
	≤ 3

	64 QAM
	allocation extends across Three CC’s
	allocation extends across Three CC’s
	allocation extends across Three CC’s
	allocation extends across Three CC’s
	allocation extends across Three CC’s
	≤ TBD



Table 2: Simulation assumptions
	Modulations
	QPSK, 16-QAM, 64 QAM

	Allocations
	Contiguous and non-contiguous

	Power amplifier set point
	Full allocation meets following criteria with 1 dB MPR with QPSK single carrier signal.

	UTRAACLR1 for Rel8 carrier
	33 dBc

	UTRAACLR2 for Rel8 carrier
	36 dBc

	CA E-UTRAACLR	
	30 dBc

	SEM
	Table 3

	Modulator impairments
	

	IQ-Imbalance
	25 dBc

	Carrier leakage
	25 dBc

	3rd order  Counter-IM level(4fmod)
	60 dBc



Table 3: SEM
	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	50RB+75RB+100RB
(44.1MHz)
	50RB+100RB+100 RB
(49.2MHz)
	75RB+75RB+100RB
(49.6MHz)
	75RB+100RB+100RB
(54.4MHz)
	100RB+100RB+100 RB
(59.6MHz)
	Measurement bandwidth

	 0-1
	-22
	-22.5
	-22.5
	-23.5
	-24
	30 kHz

	 1-5
	-10
	-10
	-10
	-10
	-10
	1 MHz

	 5-44.1
	-13
	-13
	-13
	-13
	-13
	1 MHz

	 44.1-49.1
	-25
	-13
	-13
	-13
	-13
	1 MHz

	 49.1-49.2
	
	-13
	-13
	-13
	-13
	1 MHz

	 49.2-49.6
	
	-25
	-13
	-13
	-13
	1 MHz

	 49.6-54.2
	
	-25
	-25
	-13
	-13
	1 MHz

	 54.2-54.4
	
	
	-25
	-13
	-13
	1 MHz

	 54.4-54.6
	
	
	-25
	-25
	-13
	1 MHz

	 54.6-59.4
	
	
	
	-25
	-13
	1 MHz

	 59.4-59.6
	
	
	
	
	-13
	1 MHz

	 59.6-64.6
	
	
	
	
	-25
	1 MHz



Table 4: Simulated CCs are highlighted in yellow
	
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA configuration
	Uplink CA configurations
(NOTE 3)
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	
	

	CA_40D
	CA_40C, CA_41D
	10, 15, 20
	20
	20
	
	60
	0

	
	
	20
	10, 15
	20
	
	
	

	
	
	20
	20
	10, 15
	
	
	

	CA_41D
	CA_41C, CA_41D
	10
	20
	15
	
	60
	0

	
	
	10
	15, 20
	20
	
	
	

	
	
	15
	20
	10, 15
	
	
	

	
	
	15
	10, 15, 20
	20
	
	
	

	
	
	20
	15, 20
	10
	
	
	

	
	
	20
	10, 15, 20
	15, 20
	
	
	




2.2.2 Plots from simulation results for contiguous allocations
Simulation results for contiguous 3CC CA are shown in Figures 1-5. These results are in agreement with those presented in figures 1-5 in [1]. Figure 6 shows the MPR based on EVM simulations for a fully allocated 16 QAM 3CC configuration. 
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Figure 1: MPR for 16 QAM and QPSK for contiguous 20+20+20MHz UL 3CA
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Figure 2: MPR for QPSK for contiguous 20+20+15MHz 3CC UL CA
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Figure 3: MPR for QPSK for contiguous 20+20+10MHz 3CC UL CA
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Figure 4: MPR for QPSK for contiguous 20+15+10MHz 3CC UL CA
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Figure 5: MPR for QPSK for contiguous 15+15+15MHz 3CC UL CA
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Figure 6: EVM simulations for each of the 3CC carriers for 64 QAM


2.2.3 Lab measurements for MPR for 3CC contiguous allocations
	Table 5: 100+100+100 – 16QAM contiguous 3CC based on measurements

	CC1
	CC2
	CC3
	Measurement

	RB start
	Lcrb
	RB start
	Lcrb
	RB start
	Lcrb
	PA1
	PA2
	PA3

	0
	18
	-
	-
	-
	-
	0.5
	1
	0.6

	0
	36
	-
	-
	-
	-
	0.4
	0.8
	0.7

	0
	100
	0
	12
	-
	-
	1
	1.3
	1.4

	0
	100
	0
	100
	-
	-
	1.5
	1.6
	1.9

	0
	100
	0
	100
	0
	20
	1.8
	2
	2.4

	0
	100
	0
	100
	0
	100
	3.6
	2.9
	3.2

	90
	10
	0
	100
	0
	100
	3
	2.6
	2.5

	20
	80
	0
	100
	0
	100
	3.5
	2.8
	3

	50
	50
	0
	100
	0
	100
	3.4
	2.7
	2.9

	64
	36
	0
	100
	0
	100
	3.2
	2.7
	2.8



Three PAs from different vendors were used for this measurement shown in Table 5. It was found that the MPR required for some of the allocations exceeded 3 dB limit determined from simulations shown in section 2.2.2 and as indicated in [1].

	Table 6: MPR for 64 QAM based on EVM measurements for contiguous 3CC

	CC1
	CC2
	CC3
	Measured MPR

	RB start
	Lcrb
	RB start
	Lcrb
	RB start
	Lcrb
	PA3
	PA4

	
	
	
	
	
	
	
	

	0
	100
	0
	100
	0
	100
	3.86
	3.96

	10
	90
	0
	100
	0
	90
	3.8
	3.92

	20
	80
	0
	100
	0
	80
	3.75
	3.88

	40
	60
	0
	100
	0
	60
	3.64
	3.85

	50
	50
	0
	100
	0
	50
	3.56
	3.81

	60
	40
	0
	100
	0
	40
	3.38
	3.7

	70
	30
	0
	100
	0
	30
	3.27
	3.58

	80
	20
	0
	100
	0
	20
	3.15
	3.4

	90
	10
	0
	100
	0
	10
	2.96
	3.22

	95
	5
	0
	100
	0
	5
	2.87
	3.17

	99
	1
	0
	100
	0
	1
	2.35
	2.92

	0
	100
	0
	100
	0
	1
	3.18
	3.6

	0
	100
	0
	100
	0
	18
	3.27
	3.66

	0
	100
	0
	100
	0
	50
	3.53
	3.84

	10
	90
	0
	100
	0
	100
	3.58
	3.66

	10
	90
	0
	100
	0
	50
	3.32
	3.46



2.2.4 Plots from simulation results for non-contiguous allocations
Non-contiguous allocation simulations, shown in Figure 6, were performed with 64 QAM modulation. For the final recommendation of MPR mask, the worst case MPR of emissions and EVM is shown in the plot. 
[image: ]
Figure 6: MPR mask for non-contiguous allocation for 3CC 64 QAM UL
The green line in Figure 6, is based on EVM for 64 QAM. EVM for each CC was simulated and measured for multiple PAs. 
	Table 7: MPR for 16 QAM non-contiguous 3CC based on measurements

	CC1
	CC2
	CC3
	Measurement

	RB start
	Lcrb
	RB start
	Lcrb
	RB start
	Lcrb
	PA1
	PA2
	PA3

	0
	1
	49
	1
	99
	1
	5
	5.7
	6.7

	0
	2
	49
	2
	98
	2
	4.6
	5.8
	6.6

	0
	5
	47
	5
	95
	5
	4.3
	5.2
	6

	0
	10
	44
	10
	90
	10
	4
	4.3
	5.2

	0
	20
	39
	20
	80
	20
	4.1
	3
	4.1

	0
	30
	34
	30
	70
	30
	4
	3
	3.3

	0
	50
	23
	50
	50
	50
	4.1
	3
	2.4

	0
	80
	8
	80
	20
	80
	3.8
	3
	2.4

	0
	100
	0
	100
	0
	100
	3.8
	2.9
	2.5

	3
	2
	13
	3
	24
	3
	4.4
	N/A
	3.2

	1
	2
	62
	2
	3
	2
	4.1
	N/A
	4.4

	49
	2
	34
	4
	22
	2
	4.2
	N/A
	3.3

	38
	3
	22
	2
	10
	1
	4.4
	N/A
	3.2



2.2.5 Lab measurements for MPR for 3CC non-contiguous allocations
Table 7 shows the MPR based on measurements required for non-contiguous 16 QAM 3CC allocations. For the final MPR mask, EVM simulations for non-contiguous cases were also considered. 
Based on the simulations and measurements, this contributions proposes 3CC MPR equation for non-contiguous allocation as follows:

3	Conclusions	
In this contribution, the sourcing company has simulated and measured the MPR required for contiguous and non-contiguous RB allocations for 3CC for QPSK, 16QAM and 64 QAM modulations. ACLR, Emissions mask and EVM specs were used to determine the MPR required. 
3.1 MPR table for contiguous allocations
Proposal 1: Table 8 shows the proposal for the MPR required for contiguous allocation for QPSK, 16 QAM and 64 QAM modulations. 

	Table 8: MPR required for 3CC contiguous allocations

	Modulation
	CA bandwidth Class D
	MPR (dB)

	
	50 RB + 75 RB + 100RB
	50 RB + 100 RB + 100 RB
	75 RB + 75 RB + 100 RB
	75 RB + 100 RB + 100 RB
	100 RB + 100 RB + 100 RB
	

	QPSK
	> 12 and ≤ 50
	> 12 and ≤ 50
	> 16 and ≤ 75
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 1

	QPSK
	> 50 and ≤ 125
	> 50 and ≤ 150
	> 75 and ≤ 150
	> 75 and ≤ 175
	> 100 and ≤ 200
	≤ 2

	QPSK
	> 125
	> 150
	> 150
	> 175
	> 200
	≤ 3

	16 QAM
	≤ 8
	≤ 12
	≤ 8
	≤ 12
	≤ 16
	≤ 1

	16 QAM
	> 12 and ≤ 50
	> 12 and ≤ 50
	> 16 and ≤ 75
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 2

	16 QAM
	> 50 and ≤ 125
	> 50 and ≤ 150
	> 75 and ≤ 150
	> 75 and ≤ 175
	> 100 and ≤ 200
	≤ 3

	16 QAM
	> 125 and ≤ 225
	> 150 and ≤ 250
	> 150 and ≤ 250
	> 175 and ≤ 275
	> 200 and ≤ 300
	≤ 4

	64 QAM
	≤ 12 allocation wholly contained within a single CC 
	≤ 12 and allocation wholly contained within a single CC 
	≤ 16 and allocation wholly contained within a single CC
	≤ 16 and allocation wholly contained within a single CC
	≤ 18 and allocation wholly contained within a single CC
	≤ 2

	64 QAM
	> 12 allocation wholly contained within a single CC or allocation extends across two CC’s 
	> 12 allocation wholly contained within a single CC or allocation extends across two CC’s 
	> 16 allocation wholly contained within a single CC or allocation extends across two CC’s
	> 16 allocation wholly contained within a single CC or allocation extends across two CC’s
	> 18 allocation wholly contained within a single CC or allocation extends across two CC’s
	≤ 3

	64 QAM
	allocation extends across Three CC’s
	allocation extends across Three CC’s
	allocation extends across Three CC’s
	allocation extends across Three CC’s
	allocation extends across Three CC’s
	≤ 4



3.2 MPR for non-contiguous allocations for 3CC UL
Proposal 2: For non-contiguous allocations the proposal for MPR is as follows: 
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