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1. Introduction

In late 2015, an update to the core emissions requirement for B41 was made to Release 12 and 13 [1] to reflect changes in assessed coexistence requirements by the FCC [2]. Revision of the A-MPR table for NS_04 of B41 was summarized [3,4,5,6] and a consolidated table of the results was agreed for the specification.
The introduction of an optional power class 2, namely High Power UE [HPUE], for B41 targeting a 3dB increase in power to +26dBm at the antenna requires additional modification for the A-MPR table in order to meet the absolute emissions limits of the revised FCC requirement. Work has been presented to validate the feasibility of RF front-end components for power capability, filter characteristics, overall efficiency and linearity requirements [7,8]. As work continues to refine any updates to the linearity requirements of the HPUE power class for coexistence [9,10], it is clear that the A-MPR of NS_04 related to US operation of B41 will need to be addressed.
In this contribution we provide a corroboration of the previous class 3 A-MPR results, as well as the extension of the methodology to class 2 HPUE operation in B41 with preliminary A-MPR results.  

2. Discussion

2.1. B41 Emission requirement

The following emission requirements have been updated, agreed and released in the 36.101 specification:

Table 6.6.2.2.2-1: Additional requirements for NS_04
	
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-15 
	-18
	-20
	-21
	30 kHz 

	( 1-2.5
	-10
	-10
	-10
	-10 
	1 MHz

	( 2.5-2.8
	-10
	-10
	-10
	-10 
	1 MHz

	( 2.8-5
	-10
	-10
	-10
	-10
	1 MHz

	( 5-6
	-13
	-13
	-13
	-13
	1 MHz

	( 6-9
	-25
	-13
	-13 
	-13 
	1 MHz

	( 9-10
	-25
	-25
	-13
	-13
	1 MHz

	( 10-13.5
	
	-25
	-13 
	-13 
	1 MHz

	( 13.5-15
	
	-25
	-25
	-13
	1 MHz

	( 15-18
	
	
	-25 
	-13 
	1 MHz

	( 18-20
	
	
	-25
	-25
	1 MHz

	( 20-25
	
	
	
	-25 
	1 MHz


Table 6.6.3.3.19-1: 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


In general, the modified emission requirements for NS_04, especially for SEM, are more relaxed than the old emission requirements. However it should be noted that when the allocation is at the lower band edge, the additional emission requirements at 2490.5 ≤ f < 2496 is tougher than the old NS_04 SEM as well as the modified NS_04 SEM emission limit at the first 1MHz offset range, and the inclusion of the 5MHz bandwidth was a necessary revision of the spec for this reason.
Table 6.2.4-4: A-MPR requirements for "NS_04" with bandwidth >5MHz

	Channel bandwidth [MHz]
	Parameters



	5
	Fc [MHz]
	≤ 2499.5
	> 2499.5

	
	RBstart
	0 - 8
	9 - 24
	0 - 24

	
	LCRB [RBs]
	> 0
	> 0
	> 0

	
	A-MPR [dB]
	≤ 2
	0
	0

	10
	Fc [MHz]
	≤ 2504
	> 2504

	
	RBstart
	0 - 8
	9 - 35
	36 - 49
	0 - 49

	
	LCRB [RBs]
	≤ 15
	> 15 and < 25
	≥ 25
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	≥ 45
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 3
	≤ 1
	≤ 2
	≤ 1
	0
	0

	15
	Fc [MHz]
	≤ 2510.8
	> 2510.8

	
	RBstart
	0 - 13
	14 – 59
	60 – 74
	0 - 74

	
	LCRB [RBs]
	≤ 18 or ≥ 36
	> 18 and < 36
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	≥ 62
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 3
	≤ 1
	≤ 1
	0
	0

	20
	Fc [MHz]
	≤ 2517.5
	> 2517.5

	
	RBstart
	0 – 22
	23 – 76
	77 – 99
	0 - 99

	
	LCRB [RBs]
	≤ 18 or ≥ 40
	> 18 and < 40
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	≥ 86
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 3
	≤ 1
	≤ 1
	0
	0


2.2. Class 3 (+23dBm) B41 A-MPR simulation results
Simulation results included emissions considerations for the Spectrum Emissions Mask (SEM) and absolute emissions below 2496MHz as described above, as well as the UTRAACLR1, UTRAACLR2, E-UTRAACLR, as described below.
The following ACLR limits were used.

· UTRAACLR1 = 33dBc

· UTRAACLR2 = 36dBc

· E-UTRAACLR = 30dBc

Simulation assumptions were as follows:

· PA operating point: with fully allocated REL-8 100RB QPSK signal UTRAACLR1 = 33dBc.

· Modulator IQ – image = 25dB

· Modulator carrier leakage = 25dBc

· Modulator C_IM3 = 60dBc
The simulation methodology involves an AM/AM, AM/PM narrow band nonlinear transfer function representation of the PA based on measured data for an example HPUE B41 PA that is capable of class 2 +26dBm antenna power, but is backed down its APT table to a Vcc and drive power consistent with a delivery of +23dBm at the  antenna, assuming a 5dB total post-PA insertion loss. This 28dBm operation of the PA reflects how this HPUE PA operates when backed off to class 3 operation, and is driven with appropriate Vcc to the target linearity requirements above, and then the emissions of each modulation are simulated with appropriate MPR. As cases are established that do not pass the various NS_04 emissions limits, then drive power is backed off in 1dB steps for the same Vcc at the original starting reference condition until all emissions limits are passed for that modulation.  Figures 1 – 4 show the excellent corroboration of Skyworks Class 3 (+23dBm) QPSK A-MPR simulations across bandwidth for the low channel portion of the A-MPR table, to the Qualcomm contribution of the original NS_04 revision [3]. 
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b) 
Figure 1: Corroboration of NS-04 A-MPR needed for Class 3 (+23dBm) QPSK 5MHz channel bandwidth for           fc ≤ 2499.5MHz : a) Qualcomm, b) Skyworks
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b) 
Figure 2: Corroboration of NS-04 A-MPR needed for Class 3 (+23dBm) QPSK 10MHz channel bandwidth              for fc ≤ 2504MHz  : a) Qualcomm, b) Skyworks
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b) 
Figure 3: Corroboration of NS-04 A-MPR needed for Class 3 (+23dBm) QPSK 15MHz channel bandwidth              for fc ≤ 2410.8MHz  : a) Qualcomm, b) Skyworks
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b) 
Figure 4: Corroboration of NS-04 A-MPR needed for Class 3 (+23dBm) QPSK 20MHz channel bandwidth              for fc ≤ 2417.5MHz  : a) Qualcomm, b) Skyworks
2.3. Class 2 (+26dBm) HPUE B41 A-MPR simulation results

The HPUE emissions considerations for the absolute power limits of the Spectrum Emissions Mask (SEM) and absolute emissions below 2496MHz are maintained at the same required levels to meet the FCC limits, and the UTRAACLR1, UTRAACLR2, E-UTRAACLR, as described below.
The following ACLR limits were used.

· UTRAACLR1 = 33dBc

· UTRAACLR2 = 36dBc

· E-UTRAACLR = 30dBc

Simulation assumptions were as follows:

· PA operating point: with fully allocated REL-8 100RB QPSK signal UTRAACLR1 = 33dBc.

· Modulator IQ – image = 25dB

· Modulator carrier leakage = 25dBc

· Modulator C_IM3 = 60dBc
The same reference B41 HPUE PA engine measured data and model are used again here, but the Vcc is increased consistent with the APT table operation of the PA for its higher HPUE power target = 31dBm for MPR=0dB modulations, consistent with a 5dB total post PA insertion loss assumption. Once again, the drive power and Vcc are set to achieve the target linearity requirements at the target HPUE power described above, and then the absolute and relative emissions of each modulation is simulated with appropriate MPR. As cases are established that do not pass the various emissions limits, then drive power is backed off in 1dB steps for the same Vcc at the original HPUE reference condition until all emissions limits are passed for that modulation.  Figures 5 – 8 show the Class 2 (+26dBm) A-MPR simulations for all bandwidths, channel regions, and QPSK modulations of the original A-MPR table. 
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b) 
Figure 5: Class 2 HPUE Operation : NS-04 A-MPR needed for QPSK 5MHz channel bandwidth                                              a) fc ≤ 2499.5MHz, b) fc > 2499.5MHz
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b) 
Figure 6: Class 2 HPUE Operation : NS-04 A-MPR needed for QPSK 10MHz channel bandwidth                                             a) fc ≤ 2504MHz, b) fc > 2504MHz
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b) 
Figure 7: Class 2 HPUE Operation : NS-04 A-MPR needed for QPSK 15MHz channel bandwidth                                         a) fc ≤ 2410.8MHz, b) fc > 2410.8MHz
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b) 
Figure 8: Class 2 HPUE Operation : NS-04 A-MPR needed for QPSK 20MHz channel bandwidth                                         a) fc ≤ 2417.5MHz, b) fc > 2417.5MHz
3. Conclusion
In this contribution, preliminary A-MPR results are presented for HPUE operation to meet all relative and absolute emissions requirements, including recent updates to the NS_04 specification in Releases 12 and 13. An example measured HPUE PA is modelled first with backed off class 3 operation and an excellent corroboration of +23dBm A-MPR results with previous technical contributions is summarized. The methodology is then extended by running the PA up its APT table to its maximum rms power capability of 31dBm and operation for class 2 +26dBm at the antenna (5dB total post-PA insertion loss assumed). Preliminary results across the bandwidths, frequency channels, for all QPSK modulations are presented as a preliminary indication of the A-MPR requirements of HPUE operation.
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