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1. Introduction
In this contribution we present uplink intra-band band 41power class 3 class C UL CA measurement and and MPR/A-MPR simulation results. Simulations are performed using PA model derived from the PA used in measurements. Measured and simulated spectrum plots are presented to validate the simulation results. This Power class 3 study is needed in the scope of the B41 power class 2 class C UL CA study to check compliance to SEM mask.
2. Discussion
2.1
Simulation Calibration and PA Measurements

In [1] the proper correlation between measurements and simulation was already demonstrated for band 41 1CC, 2CC and 3CC UL CA. The MPR and A-MPR simulations in this document can thus be trusted. As a reminder the measured and simulated results correlation for 1CC and 2CC are repeated in this paragraph
2.1.1
0dB MPR and Post PA Losses Calibration

Figure 1 shows the 18RB measured and simulated spectrums at 0dB MPR operating point. Note that the measurement is at PA output and simulation is at antenna point explaining the 4dB difference.
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Figure 1: PA Measured (left) and antenna simulated (right) 1CC QPSK 18RB spectrum

The simulated data matches the measured data exceptionally well both in the spectrum shape and ACLR values. This is summarized in following table, the simulated output power has 4dB added to have the comparison at the PA output.

Table 1: Measured versus simulated parameters for 1CC QPSK 18RB waveform

	
	Negative spectrum side
	Positive spectrum side

	parameter
	Measured
	Simulated
	Measured
	Simulated

	Pout (dBm)
	27.4
	26.8
	na
	na

	EUTRA ACLR (dB)
	-32.6
	-32.9
	-47.7
	-48.5

	UTRA1 ACLR (dB)
	-33.0
	-33.2
	-47.8
	-48.7

	UTRA2 ACLR (dB)
	-43.2
	-43.4
	-56.3
	-57.6


Observation 1: 0dB MPR measured PA power is 27.2dBm and 4dB post PA losses are assumed.
2.1.2

Measured Versus Simulated Spectrums

In order to provide a good understanding of the validity of the extracted AM/AM and AM/PM model, (model uses direct measured AM/AM and AM/PM data without curve fitting or polynomial extrapolation) the QPSK fully allocated spectrums for 1CC, 2CC are compared in the following figures. Note that measurement is at PA output and simulation is at antenna point explaining the 4dB difference.
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Figure 2: PA Measured (left) and antenna simulated (right) 1CC QPSK 100RB spectrum
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Figure 3: PA Measured (left) and antenna simulated (right) 2CC QPSK 100/100RB spectrum
Both 1CC and 2CC measurements and simulations show very good correlation and given the very good match in [1] of 3CC non-contiguous waveforms the non-contiguous 2CC cases should also correlate exceptionally well.
2.1.3

Measured versus Simulated MPR Comparison for 1CC and 2CC
In the following table we compare the measured vs simulated MPR values for a number of waveforms.

Table 2: Measured and simulated MPR for 1CC, 2CC and 3CC corner cases

	Measured
	Simulated
	Delta (dB)

	CC1

RB
	CC2

RB
	Mod.
	Limit
	Pout (dBm)
	MPR (dB)
	Limit
	Pout (dBm)
	MPR (dB)
	

	18
	-
	QPSK
	UTRA1
	27.4
	0
	UTRA1
	26.8
	0
	0

	100
	-
	QPSK
	UTRA2
	26.8
	0.6
	UTRA2
	26.3
	0.7
	0.1

	100
	100
	QPSK
	EUTRA
	25.9
	1.5
	EUTRA
	25.3
	1.6
	0.1


As can be seen from this table the MPR value shows very good agreement between simulated and measured , for the ACLR limited cases the error is within the accuracy of power step for the simulation and ACLR measurements. Observation 2: Measured and simulated MPR values show very good agreement thus no correction is needed for the simulated MPR and A-MPR values.
3
3.1
Simulated results
3.1.1

Simulation assumptions

Simulation assumptions used are listed in Table 3. PA operating point was obtained from the PA model measurement.
Table 3: Simulation assumptions

	Modulations
	QPSK, 16-QAM, 64-QAM

	Allocations
	Contiguous and non-contiguous

	Power amplifier operating point
	Obtained from PA model measurement

	ACLR
	UTRAACLR 1 & 2 
CA E-UTRAACLR=30dB 
according to 36.101

	SEM
	Table 4

	Additional Spurious emission limit
	Table 5

	EVM
	According to 36.101

	Modulator impairments
	

	IQ-Imbalance
	25 dBc

	Carrier leakage
	25 dBc

	3rd order counter-IM level
	60 dBc


Table 4: New CA_NS_04  limits
	
	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	25RB+100RB

(24.95 MHz)
	50RB+100RB

(29.3 MHz)
	75RB+75RB (28.8 MHz)
	75RB+100RB

(33.95 MHz)
	100RB+100RB

(38.3 MHz)
	Measurement bandwidth

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

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

	 5-23
	-13
	-13
	-13
	-13
	-13
	1 MHz

	 23-27.3
	-25
	-13
	-13
	-13
	-13
	1 MHz

	 27.3-29.8
	-25
	-25
	-25
	-13
	-13
	1 MHz

	 29.8-32
	
	-25
	-25
	-13
	-13
	1 MHz

	 32-34.3
	
	-25
	-25
	-25
	-13
	1 MHz

	 34.3-36.3
	
	
	
	-25
	-13
	1 MHz

	 36.3-38.8
	
	
	
	-25
	-25
	1 MHz

	 38.8-43.3
	
	
	
	
	-25
	1 MHz


Table 5: Additional requirements

	Frequency band

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

	
	 5, 10, 15, 20 MHz
	

	2490.5 ≤ f < 2496
	-13
	1 MHz

	0 < f < 2490.5
	-25
	1 MHz


3.1.2
A-MPR for contiguous allocations
The figures below present our A-MPR simulation results for CA_NS_04.

Close to the lower edge of Band 41, the additional spurious limit of CA_NS_04 (Table 5) requires higher A-MPR than what is necessary in most parts of the band. Therefore, we evaluated the A-MPR both

1. against only the additional SEM—this corresponds to a channel located far away from the lower band edge.

2. against both the additional SEM and additional spurious limit when the channel is placed at the lower edge of the band.

To allow a common A-MPR rule for mirror-image bandwidth combinations (e.g., 50+100 RB and 100+50 RB), their results are merged in the figures below.
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Figure 4: A-MPR for 25+100 / 100+25 RB QPSK evaluated against  
(left) only the SEM and (right) both SEM and spur of CA_NS_04
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Figure 5: A-MPR for 25+100 / 100+25 RB 16QAM evaluated against  
(left) only the SEM and (right) both SEM and spur of CA_NS_04
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Figure 6: A-MPR for 25+100 / 100+25 RB 64QAM evaluated against  
(left) only the SEM and (right) both SEM and spur of CA_NS_04
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Figure 7: A-MPR for 50+100 / 100+50 RB QPSK evaluated against  
(left) only the SEM and (right) both SEM and spur of CA_NS_04
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Figure 8: A-MPR for 50+100 / 100+50 RB 16QAM evaluated against  
(left) only the SEM and (right) both SEM and spur of CA_NS_04
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Figure 9: A-MPR for 50+100 / 100+50 RB 64QAM evaluated against  
(left) only the SEM and (right) both SEM and spur of CA_NS_04
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Figure 10: A-MPR for 75+75 RB QPSK evaluated against  
(left) only the SEM and (right) both SEM and spur of CA_NS_04
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Figure 11: A-MPR for 75+75 RB 16QAM evaluated against  
(left) only the SEM and (right) both SEM and spur of CA_NS_04
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Figure 12: A-MPR for 75+75 RB 64QAM evaluated against  
(left) only the SEM and (right) both SEM and spur of CA_NS_04
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Figure 13: A-MPR for 75+100 / 100+75 RB QPSK evaluated against  
(left) only the SEM and (right) both SEM and spur of CA_NS_04
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Figure 14: A-MPR for 75+100 / 100+75 RB 16QAM evaluated against  
(left) only the SEM and (right) both SEM and spur of CA_NS_04
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Figure 15: A-MPR for 75+100 / 100+75 RB 64QAM evaluated against  
(left) only the SEM and (right) both SEM and spur of CA_NS_04
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Figure 16: A-MPR for 100+100 RB QPSK evaluated against  
(left) only the SEM and (right) both SEM and spur of CA_NS_04
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Figure 17: A-MPR for 100+100 RB 16QAM evaluated against  
(left) only the SEM and (right) both SEM and spur of CA_NS_04
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Figure 18: A-MPR for 100+100 RB 64QAM evaluated against  
(left) only the SEM and (right) both SEM and spur of CA_NS_04
Table 7: Maximum A-MPR for each bandwidth combination

	
	Max. A-MPR for 
QPSK / 16QAM / 64QAM
[dB]

	Bandwidth combination
	Against only 
SEM of CA_NS_04
(at upper end of Band 41)
	Against both 
SEM and spur of CA_NS_04
(at lower end of Band 41)

	25+100 RB / 100+25 RB
	2 / 2 / 2
	3 / 4 / 4

	50+100 RB / 100+50 RB
	2 / 3 / 3
	3 / 4 / 4

	75+75 RB
	3 / 3 / 4
	3 / 4 / 4

	75+100 RB / 100+75 RB
	2 / 3 / 3
	3 / 4 / 4

	100+100 RB
	3 / 4 / 3
	3 / 4 / 4


3.1.3
A-MPR for noncontiguous allocations
A-MPR simulation results for CA_NS_04 are presented in Figure 19. The same A-MPR masks are suitable for all bandwidth combinations.
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Figure 19: A-MPR for all bandwidth combinations evaluated against  
(left) only the SEM and (right) both SEM and spur of CA_NS_04
Proposed A-MPR mask for CA_NS_04 with the channel located at sufficient distance from the lower edge of Band 41:

MPR = CEIL{MA, 0.5}

MA =


 8.20,




0.00 <= A < 0.03


 9.20 − 40.00A,

0.03 <= A < 0.05


 8.00 − 16.00A,

0.05 <= A < 0.25


 4.84 −  3.35A,

0.25 <= A < 0.40


 3.83 −  0.83A,

0.40 <= A < 1.00

This is the same as the MPR for PC3 Bandwidth class C.
Proposed A-MPR mask for CA_NS_04 with the channel located close to the lower edge of Band 41:

MPR = CEIL{MA, 0.5}

MA =


 8.20,




0.00 <= A < 0.03


 9.20 − 40.00A,

0.03 <= A < 0.05


 8.00 − 16.00A,

0.05 <= A < 0.25


 4.00,




0.25 <= A < 1.00

The borderline between applying these two A-MPR masks remains to be defined.

4

Conclusion
In this contribution, we have presented uplink contiguous intraband CA 2CC MPR measurement and MPR/AMPR simulation results for band 41 power class 3 and class C UL CA. Simulations are performed using PA model derived from the PA used in measurements. Measured and simulated spectrum plots are presented to validate the simulation results. 
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