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Introduction
In RAN4#104bis meeting, a WF [1] was approved with the following outcomes. 
Three antenna architectures:
Observations: 
· all architectures use the same diversity antenna configuration with 202MHz BW
· Case 1 architecture has the lowest BW for the main TRx antennas with tight duplex gaps on each side of the n28+n20 DL filter
· Case 2 and 3 tend to reduce the triplexer challenges at the expense of BW per antennas
· Case 4 as some redundant support which (to our understanding) avoids some of the performance degradation of the band 20+28 triplexer when n28 is not in use. 
· Note that in this band combinations, the n28 frequency range is reduced and can be accounted for in the architecture while still supporting full n28 range for other combinations.

Way forward:
· Assuming it is the worst case, analysis is prioritized for 3 antenna architecture based on: 
· n28UL/n20+n28DL/n20UL triplexer on antenna 1
· n8UL/n8DL duplexer on antenna 2
· n20+n28DL/n8DL duplexer on antenna 3
· For comparison purpose, analysis of alternate two or three antenna solutions are not precluded, and if a worse case is found it can be discussed whether it should be used for the MSD feasibility.
· 10db antenna isolation is used for MSD calculations
· The normal Tx/Rx 50dB isolation is used between UL and DL of the same FDD bands for duplexer/triplexer/quadplexer. If higher insertion loss is needed to meet the 50dB it can be accounted in DeltaT/R
· For different FDD bands within triplexer/quadplexer companies are encouraged to provide feasible isolation between ULs and DLs
· For diversity path, the DL filter provide at least 40dB of Rejection of the UL of the same band and companies are encouraged to provide feasible rejection for UL of other bands.
· Companies are encouraged to provide input on the feasibility of such values

MSD studies
Observations:
· All single band MSDs should already be covered
· IMD3 MSD of DC_20_n8A in n20 and n8 is already specified and can be reused for CA_n8-n20
· All 2 band cases are already specified
· Only MSD to third band needs to be analysed
· IMD3 of CA_n20-n8 UL in n28 DL
· IMD3 of CA_n20-n28 UL in n8 DL

Way forward on IMD3 of CA_n20-n8 UL in n28 DL:
· 5MHz n8 UL at 887.5MHz with 25RB0
· 5MHz n20 UL at 834.5MHz with 25RB0
· 5MHz n28 DL at 781.5MHz
· IMD3 MSD is evaluated by calculation, simulation, or measurement

Way forward on	IMD3 of CA_n20-n28 UL in n8 DL:
· 5MHz n20 UL at 834.5MHz with 25RB0
· 5MHz n20 UL at 715.5MHz with 25RB0
· 5MHz n8 DL at 952.5MHz
· IMD3 MSD is evaluated by calculation, simulation, or measurement

As the RF architecture assumption, isolation and diversity filter rejection have been approved generally, we’d like to provide the analysis on IMD requirements in this paper.
Discussion on RF architecture
Based on the WF [1], the following RF architecture is assumed as baseline for MSD discussion in this paper.
· Assuming it is the worst case, analysis is prioritized for 3 antenna architecture based on: 
· n28UL/n20+n28DL/n20UL triplexer on antenna 1
· n8UL/n8DL duplexer on antenna 2
· n20+n28DL/n8DL duplexer on antenna 3
We use antenna topology as RF front-end architecture in our analysis, as shown in figure 1.
[image: C:\Users\z00471447\AppData\Roaming\eSpace_Desktop\UserData\z00471447\imagefiles\340CAF9E-0C68-46D0-AAAC-94704A87ED83.png]
Figure 1 The RF front-end architecture
Discussion on MSD calculation
Referring to the observations, IMD3 MSD of DC_20_n8A in n20 and n8 is already specified and can be reused for CA_n8-n20. It’s very efficient to test two kinds of MSD by using one test configuration. Thus, the MSD test configurations for DL_n8-n20_UL_n8-n20 can be specified as below.
Proposal 1: IMD3 MSD of DC_20_n8A in n20 and n8 can be reused for CA_n8-n20 as below.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n8-n20
	n8
	892.5
	5
	25
	937.5
	25
	FDD
	IMD3

	
	n20
	849.5
	5
	25
	808.5
	25
	FDD
	IMD3



The component linearity assumptions are listed in table 1, and the component attenuation and isolation values are listed in table 2.
Table 1 General linearity parameters
	Component
	IP3(dBm)

	Antenna switch
	[bookmark: OLE_LINK1]68

	Diplexer
	86

	[bookmark: OLE_LINK2]Triplexer/Duplexer
	74

	PA forward mixing
	30

	PA reverse mixing
	28

	LNA
	-6


Table 2 Attenuation and isolation values
	Attenuation and Isolation Parameter
	Value (dB)
	Comment

	Antenna ISO
	10
	

	PA gain
	25
	

	PCB isolation Paout-Pain
	60
	PCB isolation (PA forward mixing)

	n28 Tx attenuation at Band n8 Rx
	27
	

	n28 Rx attenuation at Band n8 Tx
	25
	

	n20 Tx attenuation at n8 RX
	43
	

	n20 Tx attenuation at n8 TX
	46
	

	n8 Tx attenuation at n20 TX
	30
	

	n8 Tx attenuation at n28 RX
	30
	

	The Triplexer isolation between band 20 Tx and band n28A Tx
	50
	

	The Triplexer isolation between band n28A/20 Rx and (band n28A Tx or band n20 Tx)
	50
	



Table 3 and Table 4 summarize the MSD analysis results for DL_n8A-n20A-n28A_UL_n20A-n28A and DL_n8A-n20A-n28A_UL_n8A-n20A.

Table 3 MSD calculation for victim Rx of band 8 when UL_n20A-n28A
	Component
	IMD3(dBm)

	
	Main_@Antenna
	Div_@Antenna

	[bookmark: OLE_LINK5][bookmark: _Hlk78206950][bookmark: _Hlk78206602]n28 PA Forward mixing interference
	-98.4
	-98.4

	B20 PA Forward mixing interference
	-78.2
	-78.2

	n28 PA Reserve mixing interference
	-122
	-122

	B20 PA Reserve mixing interference
	-86.5
	-86.5

	[bookmark: OLE_LINK6]n28 Triplexer
	[bookmark: OLE_LINK8]-195
	-195

	B20 Triplexer
	-140
	-140

	[bookmark: OLE_LINK7]B8 LNA via filters
	-77
	-77

	B8 LNA via PCB coupling
	-86
	-86

	Diplexer (L-H)
	-121
	-121

	Antenna switch
	-83
	-83

	Total
	-73.47
	-73.47



Table 4 MSD calculation for victim Rx of band 28 when UL_n8A-n20A
	Component
	IMD3(dBm)

	
	Main_@Antenna
	Div_@Antenna

	n8 PA Forward mixing interference
	-103
	

	n20 PA Forward mixing interference
	-69.5
	

	n8 PA Reserve mixing interference
	-124
	

	n20 PA Reserve mixing interference
	-94
	

	n20 Triplexer
	-126
	

	n8 Duplexer
	-206
	

	n28 LNA via filters
	-75
	-103.5

	n28 LNA via PCB coupling
	-92
	-92

	Diplexer (L-H)
	-121.5
	-142

	Antenna switch
	-84
	-135.5

	From main path
	
	-78.3

	Total
	-68.3
	-78.1



Proposal 2: It’s proposed to specify band n8 MSD due to IMD3 of Tx band n20 + band n28 and band n28 MSD due to IMD3 of Tx band n8 + band n20.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n8-n20-n28
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	
	n28
	715.5
	5
	25
	770.5
	N/A
	FDD
	N/A

	
	n8
	908.5
	5
	25
	953.5
	23.5
	FDD
	IMD3

	
	n8
	887.5
	5
	25
	932.5
	N/A
	FDD
	N/A

	
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	
	n28
	726.5
	5
	25
	781.5
	23.0
	FDD
	IMD3



Summary
Proposal 1: IMD3 MSD of DC_20_n8A in n20 and n8 can be reused for CA_n8-n20 as below.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n8-n20
	n8
	892.5
	5
	25
	937.5
	25
	FDD
	IMD3

	
	n20
	849.5
	5
	25
	808.5
	25
	FDD
	IMD3



Proposal 2: It’s proposed to specify band n8 MSD due to IMD3 of Tx band n20 + band n28 and band n28 MSD due to IMD3 of Tx band n8 + band n20.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n8-n20-n28
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	
	n28
	715.5
	5
	25
	770.5
	N/A
	FDD
	N/A

	
	n8
	908.5
	5
	25
	953.5
	23.5
	FDD
	IMD3

	
	n8
	887.5
	5
	25
	932.5
	N/A
	FDD
	N/A

	
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	
	n28
	726.5
	5
	25
	781.5
	23.0
	FDD
	IMD3
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