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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN1 NR AH 2 in June 2017 in Qingdao, quantitative analysis for the power level of harmonic and intermodulation is given in our contribution [1].  For harmonic, the analysis is based on ideal PCB isolation and no harmonic filters are assumed. 
In this contribution, we give updated quantitative analysis for harmonic taking practical PCB isolation and harmonic filters into account. Updated results show that the MSD caused by 2nd order harmonic is still large and may lead to great system performance degradation. 
2. Harmonic interference analysis
2.1. Harmonic interference for RF Architecture 1
Band 3 (1710-1785MHz for UL and 1805-1880MHz for DL) and Band 42 (3.4-3.6GHz for UL&DL) are considered to analyse the harmonics issues in this contribution. For simplicity, 1.8GHz is used to represent Band 3 and 3.5GHz is used to represent Band 42. This contribution investigates the 2nd order harmonics for DC of LTE and NR scenario (Figure 1). The analysis of power level of the 2nd order harmonics is based on RF architecture 1 (Figure 2) for LTE-NR DC. As shown in Figure 2, there are two paths from 1.8GHz PA afffecting 3.5GHz LNA. Path 1 is the conducted path and path 2 is the radiated path through PCB.
The impact from Path 1 and Path 2 is calculated in Table 1 and Table 2, respectively. 30dB harmonic filter isolation and 70dB PCB isolation is assumed in the calculation. The total harmonics impact from path 1 and path 2 is -70.4dB. The DL reference sensitivity of LTE is about -93.5dBm without harmonics impact. Therefore MSD due to the 2nd order harmonics is 23.1dB.



Figure 1. 2nd order Harmonics impact for DC of LTE and NR



Figure 2:  Illustration of harmonics impact of RF Architecture 1

Table 1 : The calculation of 2nd order harmonics* (path 1)
	
	Power/isolation (dBm/dB)

	2nd order harmonics power level out of PA (A)
	-7

	Isolation to harmonics by Matching (B)
	3

	Isolation to harmonics by quplexer (C)
	33

	Harmonic filter attenuation (G)
	30

	Insertion loss of Harmonic filter (H)
	0.5

	2nd order harmonics power level out of quplexer (D = A-B-C-G-H)
	-73.5

	Insertion loss of antenna switch (E)
	1.5

	2nd order harmonics power level at Rx antenna (F=D+E)
	-72


Note*: The value in this table is according to the performance requirements of the related device or components.

Table 2: The calculation of 2nd order harmonics* (path 2)
	
	2nd order harmonics power level out of PA (A)
	PCB Isolation (B)
	2nd order harmonics power level out of quplexer (D = A-B)
	Insertion loss of antenna switch (C)
	2nd order harmonics power level at Rx antenna (E=D+C)

	Power/isolation (dBm/dB) by Path 2
	-7
	70
	-77
	1.5
	-75.5


Note*: The value in this table is according to the performance requirements of the related device or components.
2.2. Harmonic interference for RF Architecture 2
In this section, the analysis of power level of the 2nd order harmonics is based on RF architecture 2 for LTE-NR DC. As shown in Figure 3, there are also two paths from 1.8GHz PA affecting 3.5GHz LNA. 
The impact from Path 1 and Path 2 is calculated in Table 3 and Table 4, respectively. The overall harmonics impact from path 1 and path 2 is -73.2dB. The DL reference sensitivity of LTE is about -93.5dBm without harmonics impact. Therefore MSD due to the 2nd order harmonics is about 20.3dB.


Figure 7. Illustration of harmonics impact of RF Architecture 1

Table 3: The calculation of 2nd order harmonics (path 1)*
	
	Power/isolation (dBm/dB)

	2nd order harmonics power level out of PA (A)
	-7

	Isolation to harmonics by Matching (B)
	3

	Isolation to harmonics by duplexer (C)
	15

	Harmonic filter attenuation (G)
	30

	Insertion loss of Harmonic filter (H)
	0.5

	Isolation between the two antenna (D)
	20

	Insertion loss of antenna switch 2 (E)
	1

	2nd order harmonics power level at Rx antenna (F=A-B-C-G-D-E-H)
	-76.5


Note*: The value in this table is according to the performance requirements of the related device or components.

Table 4: The calculation of 2nd order harmonics* (path 2)
	
	2nd order harmonics power level out of PA (A)
	PCB Isolation (B)
	2nd order harmonics power level out of quplexer (D = A-B)
	Insertion loss of antenna switch 2 (C)
	2nd order harmonics power level at Rx antenna (E=D+C)

	Power/isolation (dBm/dB) by Path 2
	-7
	70
	-77
	1
	-76


Note*: The value in this table is according to the performance requirements of the related device or components.
Observation 1: With practical PCB isolation and harmonic filters, the 2nd order harmonics from Band 3 UL will cause about 20dB sensitivity degradation in Band 42 DL.
[bookmark: _GoBack]Proposal 1: RAN1 to specify solutions for harmonics issues. 
3. Conclusion
In this contribution, we give updated quantitative analysis for harmonic taking practical PCB isolation and harmonic filters into account. 
Observation 1: With practical PCB isolation and harmonic filters, the 2nd order harmonics from Band 3 UL will cause about 20dB sensitivity degradation in Band 42 DL.
Proposal 1: RAN1 to specify solutions for harmonics issues.
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