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1
Introduction
In last RAN4 #78BIS meeting, RAN4 discussed how to treat the REFSENS of LAA band when the licensed band UL harmonics fell into the own receiving frequency range in Band 46. And way forward are agreed that RAN4 need further study for the gap to guarantee no self-interference for each CA band combinations [1].
And also 7th harmonics of Band5 may impacted to Band 46. So we need to derive the self-interference issue.
In this paper, we propose the required MSD levels and required gap to acquire the zero MSD level for each CA band combination according to the harmonics orders.
2
Simulation assumptions for LAA CA UE
Table 1 show the UE UL harmonics impacts to Band 46 for LAA CA band combinations in rel-13 and rel-14. 
Table 1. UL harmonics from licensed bands into Band 46 for LAA CA
	Licensed Band
	B46 Range (MHz)
	Release

	
	5150 - 5925
	

	
	UL Range (MHz)
	Order
	Harmonic Range (MHz)
	

	B1
	1920 - 1980
	3x
	5760 - 5940
	Rel-13

	B2
	1850 - 1910
	3x
	5550 - 5730
	Rel-13

	B3
	1710 - 1785
	3x
	5130 - 5355
	Rel-13

	B4
	1710 - 1755
	3x
	5130 - 5265
	Rel-13

	B5
	824 -849
	7x
	5768 - 5943
	Rel-14

	B7
	2500 - 2570
	2x
	No overlapped in B46
	Rel-13

	B8
	880 -915
	6x
	5280 - 5490
	Rel-14

	B11
	1428 - 1448
	4x
	5712 - 5792
	Rel-14

	B13
	777 - 787
	7x
	5439 - 5509
	Rel-14

	B19
	830 - 845
	7x
	5810 – 5915
	Rel-14

	B21
	1448 - 1463
	4x
	5792 - 5852
	Rel-14

	B28
	703 - 748
	8x
	5624 - 5984
	Rel-14

	B39
	1880 - 1920
	3x
	5640 – 5760
	Rel-14

	B40
	2300 - 2400
	2x
	No overlapped in B46
	Rel-14

	B41
	2496 - 2690
	2x
	4992 - 5380
	Rel-13

	B42
	3400 - 3600
	2x
	No overlapped in B46
	Rel-13

	B66
	1710 - 1780
	3x
	5130 - 5340
	Rel-14


The x-order harmonics can be desensitized the REFSENS level for Band 46. So in paper, specially, we focus on the high order harmonics impact to the Band 46.
3
Analysis on UL harmonics problems for 2DLs/1UL LAA CA UE
To analyse the UL harmonics problem in Band 46, we consider both RF architectures as below

· Option1: Separate Ant. Architecture for LAA band

· Option 1-1: Option1 + without HTF

· Option 1-2: Option1 + with HTF 

· Option2: Shared Ant. Architecture for LAA band

· Option 2-1: Option2 + without HTF

· Option 2-2: Option2 + with HTF 

Figure 1 shows the separate Antenna RF architecture with HTF. And Figure 2 shows the shared antenna RF architecture with HTF.
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Figure 1: Separate Ant. UE RF architecture with HTF for Band 46 LAA CA
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Figure 2: Shared Ant. UE RF architecture with HTF for Band 46 LAA CA

2.1 3rd harmonic interference analysis in B46          
For the analysis the MSD, we compared 3rd Harmonic interference level for CA_1A-46A UE.
We assumed separate UE RF architecture without harmonic trap filter for CA_1A-46A UE same as option 1-1 to derive H3 interference level [2].
Table 2 show the basic parameters to derive MSD level by UL H3 from CA_1A-46A UE.
Table 2. UE RF Front-end component isolation parameters

	Parameter
	Primary
	Diversity

	
	Value
	H3 level
	Value
	H3 level

	B1 Tx in PA output
	28
	　
	28
	　

	B1 PA H3 attenuation
	50
	-22
	50
	-22

	B1 duplexer H3 attenuation
	30
	-52
	30
	-52

	Harmonic filter
	0
	-52
	0
	-52

	LB switch H3
	-120
	-52.0 
	-120
	-52.0 

	Diplexer attenuation
	15
	-67.0 
	15
	-67.0 

	Antenna isolation
	10
	-77.0 
	10
	-77.0 

	Diplexer pathloss
	0.7
	-77.7 
	0.7
	-77.7 

	UHB switch attenuation
	0.7
	-78.4 
	0.7
	-78.4 

	UHB switch H3
	-130
	-78.4 
	-110
	-78.4 

	B46 Rx filter attenuation
	1.5
	-79.9 
	1.5
	-79.9 

	B46 Rx filter  H3
	-110
	-79.9 
	-110
	-79.9 

	B1 PA to B46 LNA isolation
	60
	-82.0 
	60
	-82.0 

	Composite
	　
	-77.8 
	　
	-77.8 


From the Table 2, we can derive the MRC MSD level by 3rd UL harmonic at Band 46 LNA as below

Table 3. UL 3rd Harmonics interference level at B46 LNA
	　
	Thermal

	H3 level (dBm)
	MSD (dB)

	Main Path
	-101
	-77.79
	23.23

	Diversity Path
	-101
	-77.79
	23.23

	After MRC
	
	
	20.22


This results are quite similar H3 interference level in [2] with same RF architecture without HTF.

In the next section, we analyse the 7th harmonics based on CA_5A-46A UE.

2.2 7th harmonic interference analysis in B46
We consider 4 candidate RF architectures for CA_5A-46A UE as shown in section 3.
1) Option 1-1 : separate Ant. w/o HTF

Table 4. CA_5A-46A UE RF FE component isolation parameters

	Parameter
	Primary
	Diversity

	
	Value
	H3 level
	Value
	H3 level

	B5 Tx in PA output
	28
	　
	28
	　

	B5 PA H7 attenuation
	66
	-38.0
	66
	-38.0

	B5 duplexer H7 attenuation
	15
	-53.0
	15
	-53.0

	Harmonic filter
	0
	-53.0
	0
	-53.0

	LB switch H7
	-120
	-53.0
	-120
	-53.0 

	Diplexer attenuation
	15
	-68.0 
	15
	-68.0 

	Antenna isolation
	10
	-78.0 
	10
	-78.0 

	Diplexer pathloss
	0.7
	-78.7 
	0.7
	-78.7 

	UHB switch attenuation
	0.7
	-79.4 
	0.7
	-79.4 

	UHB switch H7
	-130
	-79.4 
	-110
	-79.4 

	B46 Rx filter attenuation
	1.5
	-80.9 
	1.5
	-80.9 

	B46 Rx filter H7
	-110
	-80.9 
	-110
	-80.9 

	B5 PA to B46 LNA isolation
	60
	-98.0 
	60
	-98.0 

	Composite
	　
	-80.8 
	　
	-80.8 


From the Table 4, we can derive the MRC MSD level by 7th UL harmonic at Band 46 LNA as below.
And propose the gap to guarantee 0 dB MSD by measurement.
Table 5. UL 7th Harmonics interference level at B46 LNA
	　
	Thermal

	H7 level (dBm)
	MSD (dB)
	GAP for 0 MSD

	Main Path
	-101
	-80.77
	20.27
	

	Diversity Path
	-101
	-80.77
	20.27
	

	After MRC
	
	
	17.26
	15 MHz


From the results, the 7th harmonic may impact to the Band 46 sensitivity levels for separate Ant. RF architecture w/o HTF. So RAN4 also consider these high order harmonics (5th/6th/7th/8th) level in LAA CA.
The main reason is that the B5 duplexer attenuation level in Band 46 range is only guaranteed with 15dB as below.

Table 6. Band5 and Band 26 DPX characteristics
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2) Option 1-2 : separate Ant. w/ HTF

Table 7. CA_5A-46A UE RF FE component isolation parameters

	Parameter
	Primary
	Diversity

	
	Value
	H3 level
	Value
	H3 level

	B5 Tx in PA output
	28
	　
	28
	　

	B5 PA H7 attenuation
	66
	-38.0
	66
	-38.0

	B5 duplexer H7 attenuation
	15
	-53.0
	15
	-53.0

	Harmonic filter
	20
	-73.0
	20
	-73.0

	LB switch H7
	-120
	-73.0
	-120
	-73.0 

	Diplexer attenuation
	15
	-88.0 
	15
	-88.0 

	Antenna isolation
	10
	-98.0 
	10
	-98.0 

	Diplexer pathloss
	0.7
	-98.7 
	0.7
	-98.7 

	UHB switch attenuation
	0.7
	-99.4 
	0.7
	-99.4 

	UHB switch H7
	-130
	-99.4 
	-110
	-99.0

	B46 Rx filter attenuation
	1.5
	-100.9 
	1.5
	-100.5 

	B46 Rx filter H7
	-110
	-100.4 
	-110
	-100.1 

	B5 PA to B46 LNA isolation
	60
	-98.0 
	60
	-98.0 

	Composite
	　
	-96.0 
	　
	-95.9 


From the Table 7, we can derive the MRC MSD level by 7th UL harmonic at Band 46 LNA as below.
And propose the gap to guarantee 0 dB MSD by measurement.

Table 8. UL 7th Harmonics interference level at B46 LNA
	　
	Thermal

	H7 level (dBm)
	MSD (dB)
	GAP for 0 MSD

	Main Path
	-101
	-94.82
	7.12
	

	Diversity Path
	-101
	-94.73
	7.19
	

	After MRC
	
	
	4.14
	5 MHz


From the results, the 7th harmonic impacts can be reduced by HTF. However, RAN4 will decide no MSD test at UL harmonic regions in Band 46. Hence this HTF usage can be treated as a UE implementations.

3) Option 2-1 : shared Ant. w/o HTF

Table 9. CA_5A-46A UE RF FE component isolation parameters

	Parameter
	Primary
	Diversity

	
	Value
	H3 level
	Value
	H3 level

	B5 Tx in PA output
	28
	　
	28
	　

	B5 PA H7 attenuation
	66
	-38.0
	66
	-38.0

	B5 duplexer H7 attenuation
	15
	-53.0
	15
	-53.0

	Harmonic filter
	0
	-53.0
	0
	-53.0

	LB switch H7
	-120
	-53.0
	-120
	-53.0 

	Diplexer attenuation
	15
	-68.0 
	15
	-68.0 

	Antenna isolation
	0
	-68.0 
	10
	-78.0 

	UHB switch attenuation
	0.7
	-68.7
	0.7
	-78.7

	UHB switch H7
	-130
	-68.7
	-110
	-78.7

	B46 Rx filter attenuation
	1.5
	-70.2 
	1.5
	-80.2 

	B46 Rx filter H7
	-110
	-70.2 
	-110
	-80.2 

	B5 PA to B46 LNA isolation
	60
	-98.0 
	60
	-98.0 

	Composite
	　
	-70.2 
	　
	-80.1


From the Table 9, we can derive the MRC MSD level by 7th UL harmonic at Band 46 LNA as below.
And propose the gap to guarantee 0 dB MSD by measurement.

Table 10. UL 7th Harmonics interference level at B46 LNA
	　
	Thermal

	H7 level (dBm)
	MSD (dB)
	GAP for 0 MSD

	Main Path
	-101
	-70.19
	30.81
	

	Diversity Path
	-101
	-80.09
	20.95
	

	After MRC
	
	
	20.52
	15 MHz


From the results, the option 2-1 RF architecture is worst case for sensitivity reduction by 7th harmonic products. 
4) Option 2-2 : shared Ant. w HTF

Table 11. CA_5A-46A UE RF FE component isolation parameters

	Parameter
	Primary
	Diversity

	
	Value
	H3 level
	Value
	H3 level

	B5 Tx in PA output
	28
	　
	28
	　

	B5 PA H7 attenuation
	66
	-38.0
	66
	-38.0

	B5 duplexer H7 attenuation
	15
	-53.0
	15
	-53.0

	Harmonic filter
	20
	-73.0
	20
	-73.0

	LB switch H7
	-120
	-73.0
	-120
	-73.0 

	Diplexer attenuation
	15
	-88.0 
	15
	-88.0 

	Antenna isolation
	0
	-88.0 
	10
	-98.0 

	UHB switch attenuation
	0.7
	-88.7
	0.7
	-98.7

	UHB switch H7
	-130
	-88.7
	-110
	-98.4

	B46 Rx filter attenuation
	1.5
	-90.2 
	1.5
	-99.9 

	B46 Rx filter H7
	-110
	-90.2 
	-110
	-99.5 

	B5 PA to B46 LNA isolation
	60
	-98.0 
	60
	-98.0 

	Composite
	　
	-89.5 
	　
	-95.7


From the Table 11, we can derive the MRC MSD level by 7th UL harmonic at Band 46 LNA as below.
And propose the gap to guarantee 0 dB MSD by measurement.

Table 11. UL 7th Harmonics interference level at B46 LNA
	　
	Thermal

	H7 level (dBm)
	MSD (dB)
	GAP for 0 MSD

	Main Path
	-101
	-89.20
	12.08
	

	Diversity Path
	-101
	-94.55
	7.34
	

	After MRC
	
	
	6.08
	5 MHz


From these 7th harmonics analysis according to the RF architecture, we propose as follow, 

Proposal 1: RAN4 should study high-order harmonics problems for all proposed LAA CA band combinations.

Proposal 2: If high-order harmonics problems are existed in a certain LAA CA band combination, RAN4 can apply same principle (Exception REFSENS test in the harmonic regions) not to define MSD test for Band 46. 
4
Conclusion
In this contribution, we provide the estimated H3/H7 interference levels in Band 46. From the analysis, we propose as follow,
Proposal 1: RAN4 should study high-order harmonics problems for all proposed LAA CA band combinations.

Proposal 2: If high-order harmonics problems are existed in a certain LAA CA band combination, RAN4 can apply same principle (Exception REFSENS test in the harmonic regions) not to define MSD test for Band 46. 
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