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1
Introduction
The concern of B46 REFSENS degradation caused by licensed band UL harmonics had been brought up in last two RAN4 meetings [1-5]. In this contribution, we intend to follow the way forward in [5] to evaluate the MSD values for H2, H3, H4, H6, and H7 and propose to define the REFSENS test exclusion frequency range where the UL harmonics can cause sensitivity degradation.
2
Discussion
2.1 Licensed bands with UL harmonic in B46          
B1, B2, B3, B4, B5, B7, B8, B11, B19, B21, B26, B28, B39, B40, B41, B42, and B66 had been introduced as the licensed bands to pair with B46 for LAA operation. Among them the B41 UL 2nd harmonic, B1, B2, B3, B4, B39 UL 3rd harmonic, B11, B21 4th harmonic, B8 6th harmonic and B5, B19, B26, B28 7th harmonic as shown in Table 2.1-1, can fall into B46 to potentially cause desensitization, like other class A2 CA.

	Licensed Band
	B46 Range (MHz)

	
	5150 - 5925

	
	UL Range (MHz)
	Order
	Harmonic Range (MHz)

	B41
	2496 – 2690
	2x
	4992 – 5380

	B1
	1920 – 1980
	3x
	5760 – 5940

	B2
	1850 – 1910
	3x
	5550 – 5730

	B3
	1710 – 1785
	3x
	5130 – 5355

	B4
	1710 – 1755
	3x
	5130 – 5265

	B39
	1880 – 1920
	3x
	5640 – 5760

	B11
	1427.9 – 1447.9
	4x
	5711.6 – 5791.6

	B21
	1447.9 – 1462.9
	4x
	5791.6 – 5851.6

	B8
	880 – 915
	6x
	5280 – 5490

	B5
	824 – 849
	7x
	5768 – 5943

	B19
	830 – 845
	7x
	5810 – 5915

	B26
	814 – 849
	7x
	5698 – 5943

	B28
	703 – 748
	7x
	4921 – 5236


Table 2.1-1 Licensed band UL harmonics falling into B46 
2.2 Licensed band UL H2, H3, H4, H6, H7 levels in B46          
In the following section, the UL H2, H3, H4, H6, and H7 interference levels in B46 will be estimated based on a set of RF front component linearity and isolation parameters. Notice that harmonic filter is not considered in the analysis which has been consented in RAN4.
2.2.1 H2 level estimation

Table 2.2.1-1 summarizes the RF front-end component parameters for H2 level calculation.

	Isolation
	dB
	Linearity (IP2)
	dBm

	B41 BPF
	25
	B41 BPF
	110

	B46 BPF
	40
	B46 BPF
	110

	Diplexer/Triplexer
	20
	Diplexer/Triplexer
	120

	Antenna
	10
	Switch
	112

	PCB
	60
	LNA (IIP2)
	5


Table 2.2.1-1 RF front-end component parameters for H2 level calculation
Table 2.2.1-2 presents the link analysis for H2 level calculation at B46 main path and diversity path, where the interference power level are found to be -57.9 dBm and -64.2 dBm, respectively.
	Insertion loss (dB)
	4

	PA output power (dBm)
	27

	Main Path
	dBm

	H2 @ PA output
	-10.0

	B41 BPF H2
	-56.0

	H2 @ B41 BPF output
	-38.9

	Switch H2
	-66.0

	H2 @ switch output
	-38.9

	Diplexer/Triplexer H2
	-74.0

	H2 @ antenna port
	-58.8

	PCB coupling referred to antenna
	-66.0

	LNA H2 referred to antenna
	-75.0

	Total H2
	-57.9

	Diversity Path
	dBm

	H2 @ antenna
	-68.8

	Diplexer/Triplexer H2
	-94.0

	Switch H2 referred to antenna
	-126.0

	BPF H2 referred to antenna
	-200.0

	PCB coupling referred to antenna
	-66.0

	LNA H2 referred to antenna
	-95.0

	Total H2
	-64.2


Table 2.2.1-2 Link analysis for H2 level calculation
2.2.2 H3 level estimation

Although there are four licensed FDD bands with UL 3rd order harmonic falling into B46, it is found that the key RF front-end component parameters associated with H3 estimation are quite similar for these four bands, which are summarized in Table 2.2.2-1.

	Isolation
	dB
	Linearity (IP3)
	dBm

	Duplexer 
	20
	Duplexer
	71

	B46 BPF
	40
	B46 BPF
	71

	Diplexer/Triplexer
	20
	Diplexer/Triplexer
	83

	Antenna
	10
	Switch
	65

	PCB
	60
	LNA (IIP3)
	-6


Table 2.2.2-1 RF front-end component parameters for H3 level calculation
Table 2.2.2-2 presents the link analysis for H3 level calculation at B46 main path and diversity path, where the interference power level are found to be -63.6 dBm and -71.7 dBm, respectively.

	Insertion loss (dB)
	4

	PA output power (dBm)
	27

	Main Path
	dBm

	H3 @ PA output
	-20.0

	Duplexer H3
	-61.0

	H3 @ duplexer  output
	-43.9

	Switch H3
	-61.0

	H3 @ switch output
	-43.8

	Diplexer/Triplexer H3
	-97.0

	H3 @ antenna port
	-63.8

	PCB coupling referred to antenna
	-76.0

	LNA H3 referred to antenna
	-95.0

	Total H3
	-63.6

	Diversity Path
	dBm

	H3 @ antenna
	-73.8

	Diplexer/Triplexer H3
	-127.0

	Switch H3 referred to antenna
	-91.0

	BPF H3 referred to antenna
	-279.0

	PCB coupling referred to antenna
	-76.0

	LNA H3 referred to antenna
	-125.0

	Total H3
	-71.7


Table 2.2.2-2 Link analysis for H3 level calculation
2.2.3 H4 level estimation

Table 2.2.3-1 summarizes the RF front-end component parameters for H4 level calculation.

	Isolation
	dB
	Linearity (IP4)
	dBm

	B11 duplexer
	10
	B11 duplexer
	60

	B46 BPF
	40
	B46 BPF
	65

	Diplexer/Triplexer
	20
	Diplexer/Triplexer
	60

	Antenna
	10
	Switch
	55

	PCB
	60
	LNA (IIP4)
	-6


Table 2.2.3-1 RF front-end component parameters for H4 level calculation
Table 2.2.3-2 presents the link analysis for H4 level calculation at B46 main path and diversity path, where the interference power level are found to be -62.0 dBm and -71.7 dBm, respectively.

	Insertion loss (dB)
	4

	PA output power (dBm)
	27

	Main Path
	dBm

	H4 @ PA output
	-28.0

	Duplexer H4
	-72.0

	H4 @ duplexer  output
	-42.0

	Switch H4
	-73.0

	H4 @ switch output
	-42.0

	Diplexer/Triplexer H4
	-88.0

	H4 @ antenna port
	-62.0

	PCB coupling referred to antenna
	-84.0

	LNA H4 referred to antenna
	-126.0

	Total H4
	-62.0

	Diversity Path
	dBm

	H4 @ antenna
	-72.0

	Diplexer/Triplexer H4
	-128.0

	Switch H4 referred to antenna
	-113.0

	BPF H4 referred to antenna
	-379.0

	PCB coupling referred to antenna
	-84.0

	LNA H4 referred to antenna
	-166.0

	Total H4
	-71.7


Table 2.2.3-2 Link analysis for H4 level calculation
2.2.4 H6 level estimation

H6 is expected to be dominated by PA, but not passive component and LNA nonlinearity. As a result, only front-end filter isolation parameters as summarized in Table 2.2.4-1 were considered for H6 level estimation.

	Isolation
	dB

	B8 duplexer
	15

	Diplexer/Triplexer
	20

	Antenna
	10

	PCB
	60


Table 2.2.4-1 RF front-end component isolation parameters for H6 level calculation
	Insertion loss (dB)
	4

	PA output power (dBm)
	27

	Main Path
	dBm

	H6 @ PA output
	-52.0

	H6 @ duplexer output
	-71.0

	H6 @ antenna port
	-91.0

	PCB coupling referred to antenna
	-108.0

	Total H6
	-90.9

	Diversity Path
	dBm

	H6 @ antenna
	-101.0

	PCB coupling referred to antenna
	-108.0

	Total H6
	-100.2


Table 2.2.4-2 Link analysis for H6 level calculation
Table 2.2.4-2 presents the link analysis for H6 level calculation at B46 main path and diversity path, where the interference power level are found to be -90.9 dBm and -100.2 dBm, respectively.

2.2.5 H7 level estimation

H7 is expected to be dominated by PA, but not passive component and LNA nonlinearity. As a result, only front-end filter isolation parameters as summarized in Table 2.2.5-1 were considered for H7 level estimation.

	Isolation
	dB

	Duplexer
	15

	Diplexer/Triplexer
	20

	Antenna
	10

	PCB
	60


Table 2.2.5-1 RF front-end component isolation parameters for H7 level calculation

Table 2.2.5-2 presents the link analysis for H7 level calculation at B46 main path and diversity path, where the interference power level are found to be -81.9 dBm and -91.2 dBm, respectively.

	Insertion loss (dB)
	4

	PA output power (dBm)
	27

	Main Path
	dBm

	H7 @ PA output
	-43.0

	H7 @ duplexer  output
	-62.0

	H7 @ antenna port
	-82.0

	PCB coupling referred to antenna
	-99.0

	Total H7
	-81.9

	Diversity Path
	dBm

	H7 @ antenna
	-92.0

	PCB coupling referred to antenna
	-99.0

	Total H7
	-91.2


Table 2.2.5-2 Link analysis for H7 level calculation

2.3 MSD          
MSD with harmonic interference falling right on top of the B46 downlink carrier were calculated based on the harmonic interference levels as derived in last section, which are summarized in Table 2.3-1.

	Order
	MSD (dB)

	H2
	24.9

	H3
	17.8

	H4
	18.0

	H6
	0.8

	H7
	3.2


 Table 2.3-1 MSD for various harmonic interference order

2.4 H2, H3, and H4 spectral skirts          
In order to determine the REFSENS test exclusion frequency range where substantial desensitization (let’s say > 1 dB) will occur due to H2, H3, H4 and their spectral skirts, the H2, H3, and H4 spectral profiles had been characterized, which are shown in Figure 2.4-1, Figure 2.4-2, and Figure 2.4-3, respectively.
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Figure 2.4-1 H2 spectral profile measured on a B41 PA with UL BW = 20 MHz
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Figure 2.4-2 H3 spectral profile measured on a B3 PA with UL BW = 20 MHz
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Figure 2.4-3 Measured H4 spectral profile of a near ACLR limited 25RB QPSK signal [6]
2.5 Desensitization level versus spectral skirt attenuation          
Desensitization level versus spectral skirt attenuation was evaluated based on the H2, H3, and H4 interference levels as derived in section 2.2 with B46 noise figure assumed at 13 dB and uncorrelated MRC. The skirt power spectral density was scaled with 5-MHz UL transmission bandwidth to account for the worst desensitization condition among 5, 10, 15, and 20 MHz UL bandwidth. The results for H2, H3, and H4 are shown in Figure 2.5-1 and 2.5-2, and 2.5-3, respectively.
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Figure 2.5-1 H2 desensitization level versus spectral skirt attenuation
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Figure 2.5-2 H3 desensitization level versus spectral skirt attenuation
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Figure 2.5-3 H4 desensitization level versus spectral skirt attenuation
For H2, H3, and H4 to induce less than 1-dB desensitization, the spectral skirt attenuation level needs to be better than 38 dB, 32 and 33 dB, respectively. Considering the H2, H3, and H4 spectral profiles as shown in Figure 2.4-1, 2.4-2, and 2.4-3, the B46 REFSENS test exclusion frequency range can be defined accordingly. For H6 and H7, since the interference levels are relatively low, it is suggested to allow a fixed 20 MHz exclusion range around the UL harmonic center frequency for all UL configurations. 
3
Proposals
Based on the above analysis, the following proposals for B46 REFSENS test exclusion frequency range are suggested. 
Proposal 1: For LAA with 2nd order harmonic problem, the following frequency range in B46 would not be tested for REFSENS, where 
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Proposal 2: For LAA with 3rd order harmonic problem, the following frequency range in B46 would not be tested for REFSENS, where 
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[image: image11.wmf]UL

Licensed

BW

 is the licensed band UL transmission bandwidth.

[image: image12.wmf]MHz

BW

f

f

MHz

BW

f

UL

Licensed

UL

Licensed

DL

B

UL

Licensed

UL

Licensed

10

2

3

10

2

3

46

+

+

<

<

-

-


Proposal 3: For LAA with 4th order harmonic problem, the following frequency range in B46 would not be tested for REFSENS, where 
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Proposal 4: For LAA with 6th order harmonic problem, the following frequency range in B46 would not be tested for REFSENS, where 
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Proposal 5: For LAA with 7th order harmonic problem, the following frequency range in B46 would not be tested for REFSENS, where 
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4
Conclusion
In this contribution, we have analyzed the LAA UL harmonic interference levels and MSD in B46 and proposed to define REFSENS test exclusion frequency ranges for various order of harmonic interference.  
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