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1	Introduction 
CA combinations with sub-1GHz bands pairing with UL CA_n77(2A) such as CA_n5-n77(2A) and CA_n28-n77(2A) have already been introduced in Rel-17. In Rel-18, CA_n71-n77(3A) with UL CA_n77(2A) is further proposed [1]. Owing to the wide frequency range in Band n77 which is up to 900 MHz, low-band (LB) down-link (DL) REFSENS could be potentially impacted by the n77 2UL intermodulation products due to the non-linearities in the n77 transmitter. The impact of n77 UL IMD2 levels on LB REFSENS has already been considered. However, the IMD4 effects have not been analyzed yet. 
In this contribution paper, we share the results of our analysis for LB MSD for CA_n5-n77 (2A) combination. Two n77 PA architectures are considered for the analysis, the single-PA architecture, and the dual-PA architecture.                          
2 Discussion

Figure 2-1 illustrates the impact of n77 2UL IMD4 on the n5 DL REFSENS. Non-linearities in the n77 TX chain will create intermodulation products (IMDs) that could land in the n5 DL and desensitize its receiver. For example, due to the 4th order non-linearities, two UL n77 components carriers (CC1 = 3940 MHz and CC2 = 3500MHz) can create an intermod tone at frequency Frx = 2*CC1-2*CC2 = 2*3940-2*3500 = 880MHz which is in the n5 DL. 
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Figure 2-1: n5 DL REFSENS impact caused by n77 2UL IMD4 for CA_n5-n77(2A)

The MSD was derived based on the RF front-end architecture shown in Figure 2-2 below. This architecture assumes 2 separate antennas, one for LB and one for UHB. For MSD calculations, we will consider two n77 PA architectures: The single-PA architecture where the 2 component carriers go through the same PA, and the dual-PA architecture where the two component carriers are from who different PA’s (one PA covers the lower half of the n77 band while the other PA covers the upper half of n77 band. As the diagram shows, the composite n77 IMD4 level at the n5 antenna will be based the main path and the coupling path.       
 

[image: ] ccc


Figure 2-2: n5 DL REFSENS impact caused by n77 2UL IMD4 for CA_n5-n77(2A)

2.1 Single-PA Architecture

For the single-PA architecture, the two n77 UL component carriers will have the same power levels. Table 2-1-1 highlights the IP4 levels for each component within the RF front end, while Table 2-1-2  shows the isolation and rejection for different component n5 DL frequencies. The MSD calculation result is shown in Table 2-1-3.

	Component
	IP4 (dBm)
	Comment

	PA Forward
	34
	

	PA Reversed
	32
	

	T/R Switch
	60
	

	n77 Filter
	60
	

	LNA
	-6
	



Table 2.1-1: Front-end component linearity parameters for MSD calculations

	Isolation Parameter
	Value (dB)
	Comment

	Antenna to Antenna
	10
	n77 main antenna to n5 main and n5 diversity antenna

	n77 PA Output to n5 LNA and n5 diversity Inputs
	60
	

	n77 filter rejection at n5 DL
	56
	



Table 2.1-2: Front-end rejection and isolation parameters for MSD calculations 

	Parameter
	Main path
	Diversity path

	Total n77 IMD24 level at n5 antenna (dBm)
	-64.4
	-64.4

	N5 Thermal noise (dBm)
	-93.8
	-93.8

	Total Noise (dBm)
	-64.4
	-64.4

	After MR @ n5 Ant (dBm)
	-67.4

	MSD (dB)
	26.4



Table 2.1-3: MSD Calculation summary for Single-PA architecture


2.2  Dual-PA Architecture

For the dual-PA architecture, the two n77 component carriers are being amplified by 2 different PA’s, each covering one half of the n77 frequency band. Therefore, one of the component carriers will be attenuated by the n77-n5 antenna isolation before getting to the other PA output. In this configuration, the reverse IP4 of the n77 PA will be used for the analysis. The MSD calculation result is shown in Table 2-2-1

	Parameter
	Main path
	Diversity path

	Total n77 IMD24 level at n5 antenna (dBm)
	-84.4
	-84.4

	N5 Thermal noise (dBm)
	-93.8
	-93.8

	Total Noise (dBm)
	-83.9
	-83.9

	After MRC @ n5 Ant (dBm)
	-86.9

	MSD (dB)
	6.8



Table 2.2-1: MSD Calculation summary for Dual-PA architecture

3	Conclusion
In this discussion paper, we share the results of our analysis for LB MSD for CA_n5-n77 (2A) combination by considering the effects of n77 4th order intermodulation (IMD4) levels on the n5 receiver. For this analysis, we considered two n77 PA architectures. The single-PA architecture yielded a much higher MSD than the dual-PA architecture.
Proposal: Table 3-1 shows our proposed value for the n5 MSD for CA_n5-n77 (2A) combination.

	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination 
	NR
band
	UL Fc
( MHz )
	UL/DL BW
( MHz )
	UL
CLBR
	UL Fc
( MHz )
	MSD
( dB )
	Duplex mode
	

	CA_n5-77 (2A) 
	n5
	N/A
	5
	NA
	880
	6.81
	FDD
	IMD4

	
	n77
	3410
	10
	1 RBSTART =25
	3410
	N/A
	TDD
	N/A

	
	
	3850
	10
	1 RBSTART =25
	3850
	
	
	


Note 1: Based on the n77 UL dual-PA architecture   
       
Table 3-1: MSD Proposal for CA_n5-n77 (2A)   
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