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1. Introduction
In this contribution, we present MPR/A-MPR simulation results for CA_41C UL with power class 2.
2. Discussion
2.1. Simulated results
2.1.1. Simulation assumptions

The used simulation assumptions are listed in Table 1 and Table 2. The PA operating point was obtained from PA model measurement without further scaling.
For Power class 2 in Band 41, the specified E-UTRAACLR is 31 dB, but the corresponding definition for CA E-UTRAACLR is missing from TS 36.101. In these simulations, we assume that also the CA E-UTRAACLR limit will be specified as 31 dB.
Table 1: 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=31 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 2: Simulation assumptions for A-MPR
	CC spacing
	Nominal

	Modulations
	QPSK, 16-QAM, 64-QAM

	Allocations
	Contiguous and non-contiguous

	Power amplifier operating point
	Obtained from PA model measurement

	ACLR
	CA E-UTRAACLR=31dB
No UTRAACLR
(6.6.2.3.2 in 36.101)

	SEM
	Table 3

	Additional Spurious emission limit
	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 3: New CA_NS_04 limits
	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	25+100RB 

(24.95 MHz)
	50+100RB 

(29.9 MHz)
	75+75B (30 MHz)
	75+100RB (34.85 MHz)
	100+100RB (39.8 MHz)
	Measurement bandwidth

	( 0-1
	-22
	-22.5
	-23
	-23.5
	-24
	30 kHz

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

	( 5-22.95
	-13
	-13
	-13
	-13
	-13
	1 MHz

	(22.95-27.9
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 27.9-28.5
	-25
	-25
	-13
	-13
	-13
	1 MHz

	( 28.5-29.95
	
	-25
	-25
	-13
	-13
	1 MHz

	( 29.95-32.85
	
	-25
	-25
	-13
	-13
	1 MHz

	( 32.85-34.9
	
	-25
	-25
	-25
	-13
	1 MHz

	( 34.9-35
	
	
	-25
	-25
	-13
	1 MHz

	( 35-37.8
	
	
	
	-25
	-13
	1 MHz

	( 37.8-39.85
	
	
	
	-25
	-25
	1 MHz

	( 39.85-44.8
	
	
	
	
	-25
	1 MHz


Table 4: 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


2.1.2. MPR for contiguous allocations
The figures below present our MPR simulation results for contiguous allocations in power class 2. 
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Figure 1: MPR for 25+100 / 100+25 RB bandwidth combination
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Figure 2: MPR for 50+100 / 100+50 RB bandwidth combination
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Figure 3: MPR for 75+75 RB bandwidth combination
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Figure 4: MPR for 75+100 / 100+75 RB bandwidth combination
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Figure 5: MPR for 100+100 RB bandwidth combination
Observation 1: PC2 needs more MPR than PC3 for QPSK (all allocations) and 16-QAM (narrow allocations).
2.1.3. MPR for noncontiguous allocations
Observation 2: MPR results vary very little with bandwidth combination, hence a single MPR mask suffices for all bandwidth combinations.
[image: image6.emf]
Figure 6: MPR for noncontiguous allocations in all bandwidth combinations
MPR for non-contiguous allocatios in CA bandwidth class C, PC2, QPSK/16-QAM/64-QAM could be specified as:

MPR = CEIL{MA, 0.5}

MA =



 8.5,



0.00 <= A < 0.03



 5.69 − 6.25A,
0.03 <= A < 0.35



 3.50,



0.35 <= A < 1.00

2.1.4. A-MPR for contiguous allocations
The figures below present our A-MPR simulation results for CA_NS_04.
The additional spurious limit of CA_NS_04 affects the required A-MPR only when the aggregated carriers are close the lower edge of Band 41 and has no effect in most of the band. Therefore, (in addition to general emission limits) we evaluated the A-MPR both

1. against 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. This results in higher A-MPR than the previous case.
	
[image: image7]


Figure 7: Division of Band 41 into two regions with different A-MPR definitions
This division is illustrated in Figure 7. Table 6 lists the lower edge frequency of the lower CC up to which the spur-based, higher A-MPR is needed. At and above this borderline, IMD cannot violate the additional spurious limit when the lower, SEM-based A-MPR is applied. We chose to express the borderline in terms of the lower channel edge since it is valid also for all CC spacings smaller than the nominal spacing. Table 6 lists the borderline frequencies for both contiguous and noncontiguous allocations for comparison. The difference between contiguous and noncontiguous allocations is very small and common borderline frequencies can be used for both.

Table 6. Minimum lower edge of the lower CC to avoid the effect of CA_NS_04 
additional spurious limit, therefore permitting to use the lower A-MPR rule
	
	Minimum lower channel edge for the lower A-MPR
	Distance from lower band edge [MHz]

	BW combination
	Contiguous allocations
[MHz]
	Noncontiguous allocations
[MHz]
	Conclusion
[MHz]
	

	25+100 RB
	2513.2
	2513.1
	2513.2
	17.2

	50+100 RB
	2517.8
	2517.7
	2517.8
	21.8

	75+75 RB
	2518.2
	2518.1
	2518.2
	22.2

	75+100 RB
	2522.6
	2522.5
	2522.6
	26.6

	100+100 RB
	2527.3
	2527.2
	2527.3
	31.3


Observation 3: It is recommended to specify different A-MPR for the lower and upper part of Band 41, and define the border between those band parts according to Table 6.

To help define a common A-MPR rule for mirror-image bandwidth combination pairs (e.g., 50+100 and 100+50 RB), the results of each such mirror image pair were merged in the A-MPR figures. This can be observed, e.g., in the dual-tipped dark blue regions (2 dB) of 64-QAM in narrow allocations close to the center of the aggregated channel, caused by an overlap of the allocation with its I/Q image.
[image: image8.emf][image: image9.emf]
Figure 8: A-MPR for 25+100 / 100+25 RB QPSK and 16-QAM evaluated against 
(left) only the SEM and (right) both SEM and spur of CA_NS_04
[image: image10.emf][image: image11.emf] 
Figure 9: Difference of required A-MPR between 64-QAM and QPSK/16-QAM for 25+100 / 100+25 RB, 
evaluated against (left) only the SEM and (right) both SEM and spur of CA_NS_04
[image: image12.emf][image: image13.emf]
Figure 10: A-MPR for 50+100 / 100+50 RB QPSK and 16-QAM evaluated against 
(left) only the SEM and (right) both SEM and spur of CA_NS_04
 [image: image14.emf][image: image15.emf]
Figure 11: Difference of required A-MPR between 64-QAM and QPSK/16-QAM for 50+100 / 100+50 RB, 
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 QPSK and 16-QAM evaluated against 
(left) only the SEM and (right) both SEM and spur of CA_NS_04
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Figure 13: Difference of required A-MPR between 64-QAM and QPSK/16-QAM for 75+75 RB, 
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 QPSK and 16-QAM evaluated against 
(left) only the SEM and (right) both SEM and spur of CA_NS_04
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Figure 15: Difference of required A-MPR between 64-QAM and QPSK/16-QAM for 75+100 / 100+75 RB, 
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 and 16-QAM evaluated against 
(left) only the SEM and (right) both SEM and spur of CA_NS_04
[image: image26.emf][image: image27.emf]
Figure 17: Difference of required A-MPR between 64-QAM and QPSK/16-QAM for 100+100 RB, 
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

	
	Maximum 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
	3 / 3
	4 / 5

	50+100 RB / 100+50 RB
	3 / 3
	4 / 5

	75+75 RB
	3 / 3
	4 / 5

	75+100 RB / 100+75 RB
	3 / 3
	4 / 5

	100+100 RB
	3 / 3
	5 / 5


2.1.5. A-MPR for noncontiguous allocations

Observation 4: A-MPR results vary very little with bandwidth combination, hence the same A-MPR masks are suitable for all bandwidth combinations. This applies to both the lower and upper part of Band 41.
[image: image28.emf][image: image29.emf]
Figure 18: A-MPR for all bandwidth combinations evaluated against 
(left) only the SEM and (right) both SEM and spur of CA_NS_04
Observation: The proposed MPR mask is sufficient also for A-MPR of CA_NS_04 when the channel is located at sufficient distance from the lower band edge:
A-MPR = CEIL{MA, 0.5}

MA =



 8.5,



0.00 <= A < 0.03



 5.69 − 6.25A,
0.03 <= A < 0.35



 3.50,



0.35 <= A < 1.00
The proposed A-MPR mask for CA_NS_04 with the channel located close to the lower edge of Band 41:
A-MPR = CEIL{MA, 0.5}

MA = 



12.00,



0.00 <= A < 0.03



14.40 − 80.00A,
0.03 <= A < 0.08



 9.33 − 16.67A,
0.08 <= A < 0.20



 6.67 −  3.33A,
0.20 <= A < 0.50



 5.00,



0.50 <= A < 1.00

See Table 6 for the minimum lower edge of the lower CC for applying the lower A-MPR mask, i.e., to avoid the effect of CA_NS_04 additional spurious limit.
3. Conclusions
In this contribution, we have presented uplink contiguous intraband CA 2CC MPR/A-MPR simulation results for band 41 power class 2 and class C UL CA. Simulations were performed using a PA model derived from measurements. 
The additional spurious limit of CA_NS_04 affects the required A-MPR only in the lowest part of band 41. Therefore, we recomed higher A-MPR for the lowest part of the band and provide the borderline frequency between the application regions of these A-MPR rules. The same borderline frequencies apply to both contiguous and noncontiguous allocations.
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