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1	Introduction 

The basket WID for HPUE inter-band CA with single PC2 FDD band UL has been approved in September plenary meeting [1]. One of the two initially requested band combinations is CA_n3-n78, for which the n3 UL 2nd harmonic can potentially fall on n78 DL carrier to cause self-desensitization. In this contribution, we provide MSD analyses for n78 DL 10MHz carrier based on both 1Tx and 2Tx implementations for n3 UL.                                     
2 Discussion
2.1	PC2 n3 UL with 1Tx

The MSD analysis was based on the reference architecture as shown in Figure 2.1-1 and a set of front-end component isolation and 2nd order linearity parameters as summarized in Table 2.1-1.
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Figure 2.1-1 Reference architecture with 1Tx PC2 n3 UL for CA_n3-n78 UL 2nd harmonic MSD analysis 

Table 2.1-2 summarizes the link analysis to derive the n3 UL 2nd order harmonic power level at n78 main and diversity Rx inputs. Notice that compared to n3 PC3 PA, we assumed PC2 PA 2nd order linearity has been improved to maintain the same wanted signal to 2nd harmonic power ratio at 36 dB under 3dB higher output power. 

	Isolation
	dB
	Linearity (IP2)
	dBm

	Duplexer Tx to H2
	25
	Duplexer/BPF
	102

	Harmonic filter
	30
	Harmonic filter
	120

	Diplexer
	20
	Diplexer
	120

	Antenna
	10
	Switch
	115

	PCB
	65
	LNA (IIP2)
	6

	n78 diplexer/BPF to n3 Tx
	50
	
	



Table 2.1-1 Front-end component isolation and 2nd order linearity parameters for MSD calculation

	Insertion loss (dB)
	3
	
	

	PA output power (dBm)
	29
	
	

	Main Path
	dBm
	Diversity Path
	dBm

	H2 @ PA output
	-7
	H2 @ antenna
	-71.8

	Duplexer H2
	-50
	Switch H2
	-83

	H2 @ duplexer output
	-34.9
	Diplexer H2 referred to antenna
	-88

	Harmonic filter H2
	-68
	BPF H2 referred to antenna
	-173

	H2 @ harmonic filter output
	-63.1
	PCB coupling referred to antenna
	-69

	Diplexer H2
	-68
	LNA H2 referred to antenna
	-77

	H2 @ diplexer output
	-67.9
	Total H2
	-66.6

	Switch H2
	-63
	
	

	H2 @ switch/antenna port
	-61.8
	
	

	PCB coupling referred to antenna
	-69
	
	

	LNA H2 referred to antenna
	-51
	
	

	Total H2
	-50.6
	
	



Table 2.1-2 Link analysis for 2nd harmonic power level calculation

The MSD for n78 10MHz DL channel bandwidth, as shown in Table 2.1-3, was derived using MRC with uncorrelated noise assumed. 

	BW
	
	Floor
	H2
	Total

	10 MHz
	Main Path (dBm)
	-91.8
	-50.6
	-50.6

	
	Diversity Path (dBm)
	-91.8
	-66.6
	-66.6

	
	After MRC (dBm)
	-94.8
	
	-66.7

	
	MSD (dB)
	
	
	28.1



Table 2.1-3 MSD for n78 10MHz DL channel BW after MRC

Compared to PC3 n3 UL, the MSD caused by PC2 n3 1Tx UL is increased from 24.0 dB to 28.1 dB.     

Observation 1: For CA_n3-n78, compared to PC3 n3 UL, the MSD for n78 at 10MHz channel bandwidth caused by PC2 n3 1Tx UL is increased from 24.0 dB to 28.1 dB.  

Proposal 1: RAN4 to take the MSD value in Table 2.1-3 into consideration for CA_n3-n78 with PC2 n3 UL based on 1Tx.


2.2	PC2 n3 UL with 2Tx

The MSD analysis was based on the reference architecture as shown in Figure 2.2-1 and the same set of front-end component isolation and 2nd order linearity parameters as summarized in Table 2.1-1.
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Figure 2.2-1 Reference architecture with 2Tx PC2 n3 UL for CA_n3-n78 UL 2nd harmonic MSD analysis

For PC2 UL with 2Tx, the architecture is composed of two PC3 PAs, one in main path and one in diversity path. The MSD analysis can be based on PC3 UL link analysis first assuming only the main path UL is transmitting which is summarized in Table 2.2-1. Since the diversity path architecture is quite similar to the main path, the same link analysis can also be used when only the diversity path UL is transmitting, but with 2nd harmonic power levels swapped between main path and diversity path.

	Insertion loss (dB)
	3
	
	

	PA output power (dBm)
	26
	
	

	Main Path
	dBm
	Diversity Path
	dBm

	H2 @ PA output
	-10
	H2 @ antenna
	-77.8

	Duplexer H2
	-56
	Switch H2
	-89

	H2 @ duplexer output
	-37.9
	Diplexer H2 referred to antenna
	-94

	Harmonic filter H2
	-74
	BPF H2 referred to antenna
	-179

	H2 @ harmonic filter output
	-67.0
	PCB coupling referred to antenna
	-72

	Diplexer H2
	-74
	LNA H2 referred to antenna
	-83

	H2 @ diplexer output
	-73.8
	Total H2
	-70.6

	Switch H2
	-69
	
	

	H2 @ switch/antenna port
	-67.8
	
	

	PCB coupling referred to antenna
	-72
	
	

	LNA H2 referred to antenna
	-57
	
	

	Total H2
	-56.5
	
	


    
Table 2.2-1 Link analysis for 2nd harmonic power levels with only one PC3 UL transmitting 

The MSD shall be evaluated when both main path UL and diversity path UL are transmitting. In that case both the main path and diversity path Rx inputs are subject to the combined 2nd harmonic power from main path 2nd harmonic and diversity path 2nd harmonic, which is equal to -56.4 dBm. The MSD can then be derived as shown in Table 2.2-2 using MRC with uncorrelated noise assumed.

	BW
	
	Floor
	H2
	Total

	10 MHz
	Main Path (dBm)
	-91.8
	-56.4
	-56.4

	
	Diversity Path (dBm)
	-91.8
	-56.4
	-56.4

	
	After MRC (dBm)
	-94.8
	
	-59.4

	
	MSD (dB)
	
	
	35.4


   
Table 2.2-2 MSD for n78 10MHz DL channel BW after MRC

 Compared to PC3 n3 UL, the MSD caused by PC2 n3 2Tx UL is increased from 24.0 dB to 35.4 dB.

Observation 2: For CA_n3-n78, compared to PC3 n3 UL, the MSD for n78 at 10MHz channel bandwidth caused by PC2 n3 2Tx UL is increased from 24.0 dB to 35.4 dB.

Proposal 2: RAN4 to take the MSD value in Table 2.2-2 into consideration for CA_n3-n78 with PC2 n3 UL based on 2Tx.

3	Conclusion

In this contribution, we provide MSD analyses for n78 DL 10MHz carrier based on both 1Tx and 2Tx implementations for n3 UL.

Observation 1: For CA_n3-n78, compared to PC3 n3 UL, the MSD for n78 at 10MHz channel bandwidth caused by PC2 n3 1Tx UL is increased from 24.0 dB to 28.1 dB.

Observation 2: For CA_n3-n78, compared to PC3 n3 UL, the MSD for n78 at 10MHz channel bandwidth caused by PC2 n3 2Tx UL is increased from 24.0 dB to 35.4 dB.

Proposal 1: RAN4 to take the MSD value in Table 2.1-3 into consideration for CA_n3-n78 with PC2 n3 UL based on 1Tx.

Proposal 2: RAN4 to take the MSD value in Table 2.2-2 into consideration for CA_n3-n78 with PC2 n3 UL based on 2Tx.
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