3GPP TSG-RAN WG4 Meeting # 82bis
R4-1703357
Spokane, Washigton, USA, 03 - 07 April 2017
Source: 
Nokia, Skyworks Solutions Inc.
Title: 
Band 41 power class 2 UL CA BW class C MPR and A-MPR
Agenda Item:
9.7.1
UE RF (36.101) 
[LTE_CA_C_B41_PC2-core]                                                                      
Document for:
Approval
1. Introduction
In this contribution we present band 41 power class 2 UL CA BW class C CA measurement 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. 
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 for power class 3. Similarly in this contribution we conduct a correlation exercise for power class 2 PA and 2CC UL CA such that the MPR and A-MPR simulations in this document can be trusted. The measurement used EUTRA ACLR and CA EUTRA ACLR of -31dBc, correlations are conducted with this limit applied. Final results however are based on -31dBc EUTRA ACLR and -30dBc CA EUTRA ACLR. Measurements only tested against EUTRA and general spurious emissions of -30dBm for MPR and CA_NS_04 mask and emissions for A-MPR.
2.1.1. 0dB MPR and Post PA Losses Calibration

Figure 1 shows the 18RB measured and simulated spectrums at maximum power operating point for band 41 HPUE. Note that the measurement is at PA output and simulation is at antenna point explaining the 4dB difference, also 0.3dB post PA PCB losses are compensated for.
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Figure 1: PA Measured (left) and antenna simulated (right) 1CC QPSK 18RB spectrum

In simulation the limitation was found to be SEM which was not verified for the measurement. Measurements at 30dBm showed EUTRA ACLR of -32.6dBc vs -30.9dBc at 30.3dBm. Assuming the same 1.5dB/0.3dB de-rating, simulated power at 31dBc ACLR (3dB correction) would be 30.2dBm at PA output matching the measured data very well; also spectrum shapes of measurements and simulation match very well. 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)
	30.3
	29.6*
	na
	na

	EUTRA ACLR (dB)
	-30.9
	34.2
	-46.0
	-50.9

	Note: * simulation is SEM limited at 0.4dB MPR, correcting simulated Pout for -31dBc ACLR results in 30.2dBm.


Observation 1: 0dB MPR measured PA power is 30.3dBm and 4dB post PA losses are assumed. SEM limitation requires 0.4dB MPR.
2.1.2. Measured Versus Simulated Spectrums, MPR
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 
Figure 2 measurement and simulation show limitation due to EUTRA ACLR of 31dBc with 29.2dBm in measurement and 29dBm in simulation at PA output. It is to be noted that UTRA1 and UTRA2 ACLR also match very well.
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Figure 3: PA Measured (left) and antenna simulated (right) 2CC QPSK 100/100RB spectrum

Figure 3 measurement and simulation show limitation due to CA EUTRA ACLR of 31dBc with 27.9dBm in measurement and 27.8dBm in simulation at PA output. It is to be noted that UTRA1 and UTRA2 ACLR also match very well.
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Figure 4: PA Measured (left) and antenna simulated (right) 2CC QPSK 1RB0/1RB99 spectrum

Figure 4 measurement and simulation show limitation due to -30dBm spurious emission with 26.7dBm in measurement and 25.6dBm in simulation at PA output. As already noted in 3CC measurements and also observed here the measured IMD3/5 are assymetric where model is symetric in essence, which should be considered for specification as more generic.
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Figure 5: PA Measured (left) and antenna simulated (right) 2CC QPSK 25RB0/25RB25 spectrum
Figure 4 measurement limitation from -31dBc ACLR occurs at 27.8dBm where simulation limitation (0.4dB margin)  due to -30dBm spurious emission occurs at 27.7dBm with 32dBc ACLR. In this case ACLR and spurions limitation is very close and there is again very good match of the overall performances.
Both 1CC and 2CC contiguous and non-contiguous allocation measurements and simulations show very good correlation. Same waveform allocations were measured with 64QAM modulation with same level of correlation.
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 and 2CC corner cases
	CC config.
	Mod.
	Measured
	Simulated
	Delta (dB)

	CC1
	CC2
	
	Limit
	Pout (dBm)
	MPR (dB)
	Limit
	Pout (dBm)
	MPR (dB)
	

	RB
	RB
	
	
	
	
	
	
	
	

	18
	-
	QPSK
	-31dBc EUTRA
	30.3
	0
	SEM
	29.6
	0.4
	0.7*

	100
	-
	QPSK
	-31dBc EUTRA
	29.3
	1
	-31dBc EUTRA
	29
	1
	0.3

	100
	100
	QPSK
	-31dBc CA EUTRA
	27.9
	2.4
	-31dBc CA EUTRA
	27.8
	2.2
	-0.1

	100
	100
	64QAM
	-31dBc CA EUTRA
	27.5
	2.8
	-31dBc CA EUTRA
	27.5
	2.5
	-0.3

	1
	1
	QPSK
	-30dBm spur
	26.7
	3.6
	-30dBm spur
	25.6
	4.4
	 0.8**

	1
	1
	64QAM
	-30dBm spur
	26.9
	3.4
	-30dBm spur
	24.9
	5.1
	 1.7**

	25
	25
	QPSK
	-31dBc CA EUTRA
	27.9
	2.4
	Spur/ -31dBc CA EUTRA 
	27.7 
	2.3 
	-0.1 

	25
	25
	64QAM
	-31dBc CA EUTRA
	27.3
	2.9
	Spur/ -31dBc CA EUTRA  
	27.3 
	2.7 
	 -0.2

	Note: measurements and comparisons are done using -31dBc CA EUTRA ACLR but final results are provided for -30dBc. * Limitation comes from SEM which was not measured, ** difference due to IMD3/5 asymmetry and nulling effect in PA measurements.


As can be seen from this table the MPR value shows very good agreement between simulated and measured cases, for the ACLR limited cases the error is within the accuracy of power step for the simulation and ACLR measurements. For spurious emissions some larger difference is observed but is associated with non-reproducible PA IMD asymmetry and nulling effect, to be more representative a multiple PAs the worst case simulated result should be used.
Observation 2: Measured and simulated MPR values show very good agreement thus no correction is needed for the simulated MPR and A-MPR values to derive specification.
2.1.4. Measured A-MPR cases
Some further measurements were done to verify A-MPR values due to specific B41 mask and emissions (NS-04).
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Figure 6: measured CA_NS_04 mask for 2x100RB QPSK and 64QAM
Limiting factor for fully allocated 2CC QPSK and 64QAM waveforms is CA NS04 mask (Figure 6). This limitation occurs at 28.9dBm for QPSK and 28.5dBm for 64QAM. It is to be noted that CA EUTRA ACLR of -30dBc would be limiting at lower output powers.
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Figure 7: measured -25dBm/MHz for 2x1RB QPSK and 64QAM at 31dBc CA EUTRA ACLR
Since the 1RB-1RB waveform was limited by -30dBm spurious emission, IMD5 spur level was re-measured (Figure 7) at -31dBc CA EUTRA ACLR, Given the 4dB post-PA loss the -25dBm/MHz NS-04 limit relevant below 2490.5MHz is at -21dBm when measured at PA output, which is met with 0.8dB margin for QPSK and 2.9dB margin for 64QAM for 2.4dB and 2.9dB MPR respectively.
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 for MPR

	Modulations
	QPSK, 16-QAM, 64-QAM

	Allocations
	Contiguous and non-contiguous

	Power amplifier operating point
	Obtained from PA model measurement

	ACLR
	CA E-UTRAACLR=30 dB
No UTRAACLR
(6.6.2.3.2 in 36.101)

	SEM
	Generic bandwidth class C SEM from 36.101

	EVM
	According to 36.101

	Modulator impairments
	

	IQ-Imbalance
	25 dBc

	Carrier leakage
	25 dBc

	3rd order counter-IM level
	60 dBc


Table 4: Simulation assumptions for A-MPR
	Modulations
	QPSK, 16-QAM, 64-QAM

	Allocations
	Contiguous and non-contiguous

	Power amplifier operating point
	Obtained from PA model measurement

	ACLR
	CA E-UTRAACLR=30dB
No UTRAACLR
(6.6.2.3.2 in 36.101)

	SEM
	Table 5

	Additional Spurious emission limit
	Table 6

	EVM
	According to 36.101

	Modulator impairments
	

	IQ-Imbalance
	25 dBc

	Carrier leakage
	25 dBc


	3rd order counter-IM level
	60 dBc


Table 5: 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 6: 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


2.2.2. MPR for contiguous allocations
The figures below present our MPR simulation results for contiguous allocations in power class 2. Each point indicates the highest required MPR among all allocations of the same size. 
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Figure 8: MPR for 25+100 / 100+25 RB bandwidth combination
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Figure 9: MPR for 50+100 / 100+50 RB bandwidth combination
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Figure 10: MPR for 75+75 RB bandwidth combination
[image: image18.png]MPR [dB]

25

1.5

0.5

MPR for PC2 75+100RB QPSK/16QAM/64QAM

T T T T T T
000 00 0OCODOD® ®O
@0 0 COOBDOO0 O O OOWO OO O
0 WOWDDCO C0DCD O @ @
= @OWIO OO0 @O0 O B
@m® O0aXe00 O O @ O 00
[ ) @@EDO 00 O oW OO0
@GP O O O@IMOD 00 @O0 00
@O 0 O@®DO o® 0O
Foo - OMaD 000 - @OW 0O 0 000 -0 s
oo 00 om: @O O 0@ O
POD O 00 GOAD 0O @ @ 00 O oo
o oo 000 O 000 O
o o 000 @O O @ o oo
6000 00-0® foR ‘0 .
® o o @ o o
o a@oo @mw o o
0 o @ o
oo o oo
F 0000 @ .
o o
o e o QPsK
o o 16QAM
2] ooo 0 64QAM
@D oD oD ODOSHEENIOTEEID L L

20

40

I i T
80 100 140 160
Lerg [RBI

60 120 180




Figure 11: MPR for 75+100 / 100+75 RB bandwidth combination
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Figure 12: MPR for 100+100 RB bandwidth combination
2.2.3. MPR for noncontiguous allocations
[image: image20.emf]
Figure 13: MPR for noncontiguous allocations in 25+100 / 100+25 RB bandwidth combination
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Figure 14: MPR for noncontiguous allocations in 50+100 / 100+50 RB bandwidth combination
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Figure 15: MPR for noncontiguous allocations in 75+75 RB bandwidth combination
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Figure 16: MPR for non-contiguous allocations in 75+100 / 100+75 RB bandwidth combination
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Figure 17: MPR for non-contiguous allocations in 100+100 RB bandwidth combination
2.2.4. 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 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.
In order to help define a common A-MPR rule for mirror-image bandwidth combinations (e.g., 50+100 and 100+50 RB), their results are merged in these figures.
[image: image25.emf]
Figure 18: A-MPR for 25+100 / 100+25 RB QPSK evaluated against only the SEM of CA_NS_04
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Figure 19: A-MPR for 25+100 / 100+25 RB 16QAM evaluated against only the SEM of CA_NS_04
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Figure 20: A-MPR for 25+100 / 100+25 RB 64QAM evaluated against only the SEM of CA_NS_04
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Figure 21: A-MPR for 25+100 / 100+25 RB QPSK evaluated against both SEM and spur of CA_NS_04
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Figure 22: A-MPR for 25+100 / 100+25 RB 16QAM evaluated against both SEM and spur of CA_NS_04
[image: image30.emf]
Figure 23: A-MPR for 25+100 / 100+25 RB 64QAM evaluated against both SEM and spur of CA_NS_04
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Figure 24: A-MPR for 50+100 / 100+50 RB QPSK evaluated against only the SEM of CA_NS_04
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Figure 25: A-MPR for 50+100 / 100+50 RB 16QAM evaluated against only the SEM of CA_NS_04
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Figure 26: A-MPR for 50+100 / 100+50 RB 64QAM evaluated against only the SEM of CA_NS_04
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Figure 27: A-MPR for 50+100 / 100+50 RB QPSK evaluated against both SEM and spur of CA_NS_04
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Figure 28: A-MPR for 50+100 / 100+50 RB 16QAM evaluated against both SEM and spur of CA_NS_04
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Figure 29: A-MPR for 50+100 / 100+50 RB 64QAM evaluated against both SEM and spur of CA_NS_04
[image: image37.emf]
Figure 30: A-MPR for 75+75 RB QPSK evaluated against only the SEM of CA_NS_04
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Figure 31: A-MPR for 75+75 RB 16QAM evaluated against only the SEM of CA_NS_04
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Figure 32: A-MPR for 75+75 RB 64QAM evaluated against only the SEM of CA_NS_04
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Figure 33: A-MPR for 75+75 RB QPSK evaluated against both SEM and spur of CA_NS_04
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Figure 34: A-MPR for 75+75 RB 16QAM evaluated against both SEM and spur of CA_NS_04
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Figure 35: A-MPR for 75+75 RB 64QAM evaluated against both SEM and spur of CA_NS_04
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Figure 36: A-MPR for 75+100 / 100+75 RB QPSK evaluated against only the SEM of CA_NS_04
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Figure 37: A-MPR for 75+100 / 100+75 RB 16QAM evaluated against only the SEM of CA_NS_04
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Figure 38: A-MPR for 75+100 / 100+75 RB 64QAM evaluated against only the SEM of CA_NS_04
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Figure 39: A-MPR for 75+100 / 100+75 RB QPSK evaluated against both SEM and spur of CA_NS_04
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Figure 40: A-MPR for 75+100 / 100+75 RB 16QAM evaluated against both SEM and spur of CA_NS_04
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Figure 41: A-MPR for 75+100 / 100+75 RB 64QAM evaluated against both SEM and spur of CA_NS_04
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Figure 42: A-MPR for 100+100 RB QPSK evaluated against only the SEM of CA_NS_04
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Figure 43: A-MPR for 100+100 RB 16QAM evaluated against only the SEM of CA_NS_04
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Figure 44: A-MPR for 100+100 RB 64QAM evaluated against only the SEM of CA_NS_04
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Figure 45: A-MPR for 100+100 RB QPSK evaluated against both SEM and spur of CA_NS_04
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Figure 46: A-MPR for 100+100 RB 16QAM evaluated against both SEM and spur of CA_NS_04
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Figure 47: A-MPR for 100+100 RB 64QAM evaluated against both SEM and spur of CA_NS_04
2.2.5. A-MPR for noncontiguous allocations
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Figure 48: A-MPR for 25+100 / 100+25 RB evaluated against only the SEM of CA_NS_04
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Figure 49: A-MPR for 25+100 / 100+25 RB evaluated against both SEM and spur of CA_NS_04
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Figure 50: A-MPR for 50+100 / 100+50 RB evaluated against only the SEM of CA_NS_04
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Figure 51: A-MPR for 50+100 / 100+50 RB evaluated against both SEM and spur of CA_NS_04
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Figure 52: A-MPR for 75+75 RB evaluated against only the SEM of CA_NS_04
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Figure 53: A-MPR for 75 + 75 RB evaluated against both SEM and spur of CA_NS_04
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Figure 54: A-MPR for 75+100 / 100+75 RB evaluated against only the SEM of CA_NS_04
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Figure 55: A-MPR for 75+100 / 100+75 RB evaluated against both SEM and spur of CA_NS_04
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Figure 56: A-MPR for 100+100 RB evaluated against only the SEM of CA_NS_04
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Figure 57: A-MPR for 100+100 RB evaluated against both SEM and spur of CA_NS_04
3. Conclusion
In this contribution, we have presented uplink contiguous intraband CA 2CC MPR measurement and MPR/AMPR simulation results for band 41 power class 2 and class D 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. Furthermore we have made a proposal for MPR and A-MPR for band 41 2CC UL CA power class 2 operation.
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