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1. Introduction
In this contribution we present uplink intraband CA 3CC MPR measurement and 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.
2. Discussion
2.1. Simulation Calibration and PA Measurements
Given the number of waveforms to be tested, it is impossible to make exhaustive measurements to determine MPR requirements for UL 3CC. In order to provide sound simulation results, a number of waveforms have been measured on a band 41 class 3 power amplifier and corresponding AM/AM and AM/PM based model extracted and correlated.

2.1.1. 0dB MPR and Post PA Losses Calibration

In order to properly calibrate measurements and simulations, the 0dB MPR and post PA losses must first be assessed. 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

For the 1CC 18RB QPSK waveform, the band 41 PA measured output power is 27.4dBm (with 0.3dB PCB loss correction applicable to all measurements in this contribution) at the UTRA1 ACLR limit of -33dB. It is consistent with post PA losses of 4dB. 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 and 3CC are compared in the following figures. The model uses direct measured AM/AM and AM/PM data without curve fitting or polynomial extrapolation. The QPSK 1CC 18RB comparison is already covered above. Note that measurement is at PA output and simulation is at antenna point explaining the 4dB difference.

[image: image3.png]Spectrum Anal
ACP

KEYSIGHT Input RF input Z:50 ‘Aften: 22 dB Trig: Free Run Center Freq: 2550000000 GHz

o Coupling: AC Corrections: On Preamp: Off Gate: OFF AvglHold:>1010

GO ExtGain2626dB  [FreqRef: Ext(S) LNP: Not Enabled IF Gain: Low Radio Std: None
Align: Auto NFE: Adaptive PNO: Best Wide Noise Correction: Off
Trace Type Tra
1 Graph v Control
ScalelDiv 10.0 dB Ref Value 20.00 dBm Clear/Wite
00 30 48 00 B

100 H H Max Hold
-200

Min Hold

Center 2.55 GHz Video BW 10.000 kHz" Span 100 MHz|| o Active
#Res BW 100 kHz Sweep Time 248 ms (1001 pts)
2 Metrics v
Total Car Pwr | 26.612 dBm/18.00 Mz
Total PSD —
Lower Upper
ACP Ref Carrier ACP Ref Carrier
OffsFreq  IntegBW  dBc  dBm dBm Car# dBc  dBm dBm  Car# Filter
A 2000MHz 18.00MHz -30.31 -3701 2661 1.-3039 3780 2661 1 OFF
B 1250MHz 3.840MHz -3331 6696 2661 13393 7322 2661 1 0N
C A750MHz 3.840MHz -36.04 -9.423 2661 13611 9501 2661 1 0N

?| 2 gy |23 ) 3 B2




[image: image4.emf]2.42 2.44 2.46 2.48 2.5 2.52 2.54 2.56 2.58

-80

-70

-60

-50

-40

-30

-20

-10

0

Frequency in GHz

Power in dBm

Transmit spectrum

CC(bw) Clus RB_Start L_CRB    Mod

1(100)    1        0   100   QPSK

Tx Freq: 2.506GHz

UtraAclr1   = 34.4, 34.4dB

UtraAclr2   = 36.3, 36.3dB

EutraAclr   = 30.6, 30.6dB

Total power =  22.3dBm

SEM: Rel8/Gen/100

SEM margin          (

x

) =   6.2dB

Spurious margin (

+

) =   4.5dB

MPR / A-MPR = 0.70+0.00 dB


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
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Figure 4: PA Measured (left) and antenna simulated (right) 3CC QPSK 100/100/100RB spectrum

In all cases, good agreement is observed for both the spectrum shape and ACLR values. Even for the 3CC cases, output power values are within 0.2dB. Moreover ACLR values are very close, even though the model does not fully represent the slightly asymmetric measured behavior of the PA with fully allocated waveforms. The lack of modeling of memory effects can explain this, but it does not prevent the simple AM/AM and AM/PM model to accurately predict the PA limitations. The lack of room in this presentation does not allow to display all the graphs, but the same good agreement between measurement and simulation exists for the same waveforms with 64QAM modulation.

The following figures now compare a measured and simulated set of 3CC partial allocations QPSK waveforms.
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Figure 5: PA Measured (left) and antenna simulated (right) 3CC QPSK 40_0/40_60/100RB spectrum

In this case again there is tight agreement between measured and simulated spectrum and ACLR. The same is observed for 64QAM waveform.
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Figure 6: PA Measured (left) and antenna simulated (right) 3CC QPSK 25_0/0/50_50RB spectrum

In this case the simulated results show a tighter margin for spurious emissions than for ACLR. For the measurement case the same IMD5 tone shows -33dBm/MHz once corrected for 1MHz BW and 4dB removed for antenna level, thus limitation A-MPR is still driven by ACLR. Still the agreement is within less than 0.1dB and similar agreement is observed for the 64QAM waveform where both measured and simulated data predicts that A-MPR is gated by ACLR.
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Figure 7: PA Measured (left) and antenna simulated (right) 3CC QPSK 1_0/0/1_99RB spectrum
In this case the simulation shows that gating factor is IMD5 tones level compared to the -30dBm/MHz spurious emission specification. In order to verify this, a wider span measurement was done. It is to be noted that spurs next to IMD5 tones (markers 1 and 2) are due to a waveform aliasing issue and should be ignored.
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Figure 8: Measured IMD5 spur level at 24.9dBm (left) and 21.8dBm (right) output power.

The measurement shows that at 24.9dBm, which is the ACLR limited output power, the IMD5 tone on the right side still has 0.4dB margin (at a 4dB higher level than the -30dBm/MHz to take into account the post PA losses). This shows a significant difference when compared with simulation. This can be explained by the fact that at this operating point the PA exhibits a null in IMD5 which is illustrated by the fact that between 21.8dBm and 24.9dBm (3dB step) not only the IMD5 only increases by 4dB but also highest peak goes from right side to left side. This behaviour which is related to memory effect, a large frequency offset and cancellation mechanisms, cannot be reproduced by an AM/AM and AM/PM based model.

Nevertheless it is reasonable to keep the simulated result to derive the MPR values as these cancellation effects present in the PA measurement are unlikely to be reproducible over large volumes and different sets of waveforms and frequency offsets.
2.1.3. Measured versus Simulated MPR Comparison for 1CC, 2CC and 3CC Corner Cases

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

	waveform
	Measured
	Simulated
	Delta (dB)

	CC1

RB
	CC2

RB
	CC3

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

	100
	100
	100
	QPSK
	EUTRA
	25.1
	2.3
	EUTRA
	24.8
	2.1
	0.2

	
	
	
	64QAM
	EUTRA
	24.9
	2.5
	EUTRA
	24.5
	2.5
	0

	40
	40
	100
	QPSK
	EUTRA
	25.2
	2.2
	EUTRA
	24.8
	2.2
	0

	
	
	
	64QAM
	EUTRA
	25.1
	2.3
	EUTRA
	24.4
	2.6
	0.3

	25
	0
	50
	QPSK
	EUTRA
	25.6
	1.8
	EUTRA/SPUR
	25.2
	1.7
	0.1

	
	
	
	64QAM
	EUTRA
	25.3
	2.3
	EUTRA
	24.8
	2.1
	0.2

	1
	0
	1
	QPSK
	EUTRA
	25.2
	2.2
	SPUR
	22.5
	4.5
	**

	
	
	
	64QAM
	EUTRA
	25
	2.4
	SPUR
	22.3
	4.7
	**


** IMD5 null in PA measurement makes EUTRA ACLR as gating factor as explained above

As can be seen from this table the MPR value shows very good agreement between simulated and measured data with exception to the spurious emission limited case as explained in previous chapter. For the ACLR limited cases the error is within the accuracy of power step for the simulation and ACLR measurements. As explained in previous chapter, given the non-reproducible nature of the IMD5 null, the simulated results showing spurious emissions limitation is kept as the representative MPR gating factor.

Observation 2: Measured and simulated MPR values show very good agreement thus no correction is needed for the simulated MPR values.
2.2. Simulated results
2.2.1. Simulation assumptions

Simulation assumptions used are listed in Table 6.2.3-1. 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

	SEM
	Table 4

	EVM
	According to 36.101

	Modulator impairments
	

	IQ-Imbalance
	25 dBc

	Carrier leakage
	25 dBc

	3rd order counter-IM level
	60 dBc


	Table 4: SEM for bandwidth class D

ΔfOOB
	50RB+75RB+100RB
	50RB+100RB+100 RB
	75RB+75RB+100RB
	75RB+100RB+100RB
	100RB+100RB+100 RB
	Measurement bandwidth

	(MHz)
	(44.6MHz)
	(49.7MHz)
	(49.85MHz)
	(54.65MHz)
	(59.6MHz)
	

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

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

	 5-44.6
	-13
	-13
	-13
	-13
	-13
	1 MHz

	 44.6-45
	-25
	-13
	-13
	-13
	-13
	1 MHz

	 45-49.6
	-25
	-13
	-13
	-13
	-13
	1 MHz

	 49.6-49.7
	 
	-13
	-13
	-13
	-13
	1 MHz

	 49.7-49.85
	 
	-25
	-13
	-13
	-13
	1 MHz

	 49.85-50
	 
	-25
	-25
	-13
	-13
	1 MHz

	 50-54.65
	 
	-25
	-25
	-13
	-13
	1 MHz

	 54.65-54.7
	 
	-25
	-25
	-25
	-13
	1 MHz

	 54.7-54.85
	 
	 
	-25
	-25
	-13
	1 MHz

	 54.85-59.6
	 
	 
	 
	-25
	-13
	1 MHz

	 59.6-59.65
	 
	 
	 
	-25
	-25
	1 MHz

	 59.65-64.6
	 
	 
	 
	 
	-25
	1 MHz


2.2.2. MPR for contiguous allocations
Figure 7 − Figure 11 show the simulated MPR for contiguous allocations with QPSK, 16-QAM, and 64-QAM modulation.
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Figure 7: Simulated MPR for 50RB+75RB+100RB with contiguous allocation
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Figure 8: Simulated MPR for 50RB+100RB+100RB with contiguous allocation
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Figure 9: Simulated MPR for 75RB+75RB+100RB with contiguous allocation
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Figure 10: Simulated MPR for 75RB+100RB+100RB with contiguous allocation
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Figure 11: Simulated MPR for 100RB+100RB+100RB with contiguous allocation
2.2.3. MPR for noncontiguous allocations
Figure 12 − Figure 16 show the simulated MPR for noncontiguous allocations with QPSK, 16-QAM, and 64-QAM modulation.
[image: image22.emf]
Figure 12: Simulated MPR for 50RB+75RB+100RB with noncontiguous allocation
[image: image23.emf]
Figure 13: Simulated MPR for 50RB+100RB+100RB with noncontiguous allocation
[image: image24.emf]
Figure 14: Simulated MPR for 75RB+75RB+100RB with noncontiguous allocation
[image: image25.emf]
Figure 15: Simulated MPR for 75RB+100RB+100RB with noncontiguous allocation
[image: image26.emf]
Figure 16: Simulated MPR for 100RB+100RB+100RB with noncontiguous allocation
2.3. Proposed MPR for UL 3CC
In this section we make a proposal for uplink contiguous intraband CA MPR for 3CC. Proposal is based on simulation results submitted to previous RAN4 meeting [1] and results presented in this contribution. We have also provided a TP to TR 36.714-00-00 [2] to capture this proposal. 256-QAM MPR is FFS.
Table 1: MPR for bandwidth class D

	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
	> 150
	> 200
	≤ 3

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


For intra-band contiguous carrier aggregation bandwidth class C with non-contiguous resource allocation, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2A-1 is specified as follows 

MPR = CEIL { MA, 0.5 }

Where MA is defined as follows 
MA = 
8.2





; 0 ≤ A < 0.025

9.2 - 40A 



; 0.025
 ≤ A < 0.05

8 – 16A



; 0.05
≤ A < 0.25

4.83 – 3.33A


; 0.25 ≤ A ≤ 0.4,

3.5





; 0.4 ≤ A ≤ 1
3. Conclusion
In this contribution, we have presented uplink contiguous intraband CA 3CC MPR measurement and 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. Furthermore we have made a proposal for 3CC contiguous and non-contiguous MPR.
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