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1	Introduction
A series of PC2 and PC1.5 band combinations are approved within the latest WID[1]. In the last WF [2] it was requested to check the status of these band combinations. In this tdoc we are going to check their status and propose the MSD value for the bands that might need them. It should be mentioned that based on a previous agreement if the MSD value for a PC2 (or PC1.5) band combination with 2Tx exists, the same MSD would be valid for the PC2 (or PC1.5) band combination with 3Tx.  
2	PC2 3Tx MSD analysis
Table 2.1 summarizes the MSD status of these PC2 band combinations. For the band combinations with MSD status highlighted in green, either the CA or DC 2Tx PC2 counter parts already exist in the spec. for other cases the MSD is calculated below.  For the FDD (1Tx)+TDD (2Tx) band combinations, the architecture considered for the MSD analysis is depicted in Figure 2.1.
Table 2.1: Band combinations for 3Tx with CA/EN-DC power class 2
	Band combination
	UL configuration
	Max Power capabilities
	MSD Status

	CA_n28A-n41A
	CA_n28A-n41A
	PC3@n28 1Tx; PC2@n41 2Tx    
	No MSD is needed

	CA_n28A-n78A
	CA_n28A-n78A
	PC3@n28 1Tx; PC3/2@n78 2Tx   
	IM5 on n8, 
H4 on n78, 
adapt from PC2 2Tx DC_28A_n78A

	CA_n8A-n78A
	CA_n8A-n78A
	PC3@n8 1Tx;   PC2@n78 2Tx     
	IM4 on n8, 
H4 on n78, 
adapt from PC2 2Tx CA_n8A-n78A

	CA_n41A-n71A
	CA_n41A-n71A
	PC3@n71 1Tx; PC2@n41 2Tx    
	IM4 on n71,
PC2 3Tx needs to be provided;
H4 on n41
Not needed as it is an even order harmonic

	CA_n41A-n77A
	CA_n41A-n77A
	PC2@n41 1Tx; PC2@n77 2Tx;      
PC2@n41 2Tx; PC2@n77 1Tx;      
	IM9 on n77, cross band isolation
adapt from PC2 2Tx CA_n41A-n77A

	CA_n26A-n78A
	CA_n26A-n78A
	PC3@n26 1Tx; PC2@n78 2Tx
	IM4 on n26,
PC2 3Tx needs to be provided

	DC_3A_n78A
	DC_3A_n78A
	PC3@n3 1Tx;   PC2@n78 2Tx
	IM2, IM4 on n3,
adapt from PC2 2Tx CA_n3-n78

	DC_40A_n78A
	DC_40A_n78A
	PC3@n40 1Tx; PC3/2@n78 2Tx
	Cross band leakage 
PC2 3Tx needs to be provided;
3H of n40 could mix with 2H of n78,
adapt from PC2 2Tx CA_n3-n77 



Observation 1: CA_n41A-n71A PC2 is missing in the last WF.
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Figure 2.1 FDD-TDD band combination architecture

CA_n41A-n71A
Based on the MSD analysis, |3fn71-fn41| could fall on n71 Rx, so some MSD would be needed for n71 Rx. Table 2.2 present the parameters of the analysis 
Table 2.2 CA_n41A-n71A parameters
	Antenna ISO
	10
	dB

	PCB isolation Paout-Pain
	60
	dB

	PCB isolation Paout Div-Pain main
	65
	dB

	Diplexer ISO
	15
	dB

	n71 TX SAW/duplexer rejection at n41 Tx
	45
	dB

	n71 RX duplexer rejection at n41 Tx
	40
	dB

	n71 SAW/Duplexer TX rejection at n71 RX band
	55
	dB

	filter n41 TX rejection at n71 RX band
	50
	dB

	n41 Tx attenuation at n71 RX
	34
	dB

	n41 Tx attenuation at n71 TX
	34
	dB

	Diplexer IL
	0.5
	dB

	Antenna switch IL
	1
	dB

	TX/RX switch IL
	0.5
	dB

	n71 Dup IL 
	4
	dB

	n41 RX SAW filter IL
	3
	dB

	Pout n71
	23
	dBm

	Pout n41
	20
	dBm

	Pout n41 Div
	20
	dBm

	REFSENS n71
	-97.2
	dBm



Table 2.3: IMD4 level to n71 Rx main path (PC2)
	Main Path
	received interference, IMD4 (dBm)

	Antenna switch
	-74.73

	Diplexer (H-H or L-L)
	-68.79

	n71 SAW/Duplexer
	-97.47

	n71 PA Forward mixing
	-68.48

	n41 PA Forward mixing
	-155.53

	n71 PA Reverse mixing
	-102.18

	n41 PA Reverse mixing
	-215.53

	Total
	-65.12

	B71 LNA via filters
	-95.35

	B71 LNA via PCB coupling
	-117.48

	Total main IMD
	-65.11


Table 2.4: IMD4 level to n71 Rx diversity path
	Diversity Path
	received interference, IMD4 (dBm)

	From main path
	-75.11

	Diplexer
	-105.59

	Antenna switch
	-107.59

	n71 SAW Filter
	-103.29

	n41 PA  div Forward mixing
	-172.03

	n71 LNA via antenna ISO
	-153.35

	n71 LNA via PCB coupling
	-125.48

	Total div IMD
	-75.10


Table 2.5: CA_n41A-n71A MSD for n71 Rx due to IMD4 (PC2)
	MSD calculation parameters
	received interference, IMD4 (dB)

	MSD
	25.98

	SNR
	-21.70

	MSD at SNR=-1
	20.70



Proposal 1: Consider an MSD= 20.70 dB for CA_n41A-n71A with PC2 3Tx when IM4 falls on n71 Rx.
	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_n41-n71

	n41
	2614
	5
	25
	2614
	N/A
	TDD
	N/A

	
	n71
	665
	5
	25
	619
	20.70
	FDD
	IMD4



CA_n26A-n78A
Based on the MSD analysis, |3fn26-fn78| could fall on n26 Rx, so some MSD would be needed for n26 Rx. Table 2.6 present the parameters of the analysis 
Table 2.6 CA_n26A-n78A parameters
	Antenna ISO
	10
	dB

	PCB isolation Paout-Pain
	60
	dB

	PCB isolation Paout Div-Pain main
	65
	dB

	Diplexer ISO
	15
	dB

	n26 TX SAW/duplexer rejection at n78 Tx
	35
	dB

	n26 RX duplexer rejection at n78 Tx
	58
	dB

	n26 SAW/Duplexer TX rejection at n26 RX band
	60
	dB

	filter n78 TX rejection at n26 RX band
	47
	dB

	n78 Tx attenuation at n26 RX
	47
	dB

	n78 Tx attenuation at n26 TX
	47
	dB

	Diplexer IL
	0.5
	dB

	Antenna switch IL
	1
	dB

	TX/RX switch IL
	0.5
	dB

	n26 Dup IL
	4
	dB

	n78 RX SAW filter IL
	3
	dB

	Pout n26
	23
	dBm

	Pout n78
	20
	dBm

	Pout n78 Div
	20
	dBm

	REFSENS n26
	-97.5
	dBm




Table 2.7: IMD4 level to n26 Rx main path (PC2)
	Main Path
	received interference, IMD4 (dBm)

	Antenna switch
	-74.73

	Diplexer (H-H or L-L)
	-68.79

	n26 SAW/Duplexer
	-87.47

	n26 PA Forward mixing
	-74.42

	n78 PA Forward mixing
	-171.34

	n26 PA Reverse mixing
	-121.11

	n78 PA Reverse mixing
	-270.34

	Total
	-66.91

	n26 LNA via filters
	-129.29

	n26 LNA via PCB coupling
	-118.42

	Total main IMD
	-66.91


Table 2.8: IMD4 level to n26 Rx diversity path
	Diversity Path
	received interference, IMD4 (dBm)

	From main path
	-76.91

	Diplexer
	-105.59

	Antenna switch
	-107.59

	n26 Filter
	-103.29

	n78 PA  div Forward mixing
	-187.84

	n26 LNA via antenna ISO
	-159.29

	n26 LNA via PCB coupling
	-126.42

	Total div IMD
	-76.89


Table 2.9: CA_ n26A-n78A MSD for n26 Rx due to IMD4 (PC2)
	MSD calculation parameters
	received interference, IMD4 (dB)

	MSD
	24.20

	SNR
	-20.22

	MSD at SNR=-1
	19.22



Proposal 2: Consider an MSD= 19.2 dB for CA_ n26A-n78A with PC2 3Tx when IM4 falls on n26 Rx.
	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_n26-n78

	n26
	836.5
	5
	25
	881.5
	19.22
	FDD
	IMD4

	
	n78
	3391
	10
	50
	3391
	N/A
	TDD
	N/A



DC_40A_n78A
Since the 3rd harmonic of n40 could overlap with 2nd harmonic of n78 and induce degradation of the receiver of the two bands, one can reuse the MSD values proposed for the case of n40 and n77 that is available in 38.101-1 Table 7.3A.4-4. 
	Reference sensitivity exceptions and uplink/downlink configurations due to harmonic mixing from a PC2 aggressor NR UL band for NR DL CA FR1
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	
	

	n77
	n40
	20
	30
	50 (RBstart=0)
	10
	13.2
	NOTE 3
	UL2/DL3

	n77
	n40
	20
	30
	50 (RBstart=0)
	100
	4.4
	NOTE 3
	UL2/DL3





\
Proposal 3:
Table 2.11 Reference sensitivity exceptions (MSD) due to receiver harmonic mixing for PC2 3Tx EN-DC in NR FR1
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5
MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n78
	40
	16.2
	13.2
	11.4
	10.2
	
	
	
	
	
	
	



Based on the MSD analysis, the cross band leakage can happen in such a TDD-TDD band combination. For the sake of comparison the same architecture as R4-2312775 is used. It should be mentioned that since in this architecture, every RF chain has an antenna (with 10 dB antenna isolation), its interference is higher than the case where a diplexer (with 15 dB isolation), is used (right before the common antenna on each main and diversity path). Therefore the MSD should be worse than a common antenna architecture. The details of the MSD analysis due to cross band leakage is given in Table 2.11. Here the calculations for the case of 5MHz @B40 is presented. The summary of all CBWs is given in the proposal 4.
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Figure 2.2 TDD-TDD architecture similar to R4-2312775
Table 2.11 DC_40A_n78A MSD due to cross band leakage (PC2)
	Item
	Unit
	parameter
	Main
	Diversity

	n78 PA output noise power @ B40 freq
	dBm/Hz
	（100MHz UL）
	-122.00
	-122.00

	Antenna isolation Primary <-> Diversity
	dB
	10.00
	 
	 

	B40 Rx CBW
	MHz
	5.00
	 
	 

	n78 PA output noise power on B40 Rx CBW
	dBm
	 
	-55.01
	-55.01

	n78 Tx filter Att @ B40 Rx
	dB
	25.00
	 
	 

	PCB isolation
	dB
	60.00
	 
	 

	n78 PA noise power at B40 LNA
	dBm
	 
	-90.01
	-90.01

	n78 PA noise power at B40 LNA via PCB
	dBm
	 
	-115.01
	-115.01

	front end loss
	dB
	4.00
	 
	 

	n78 PA noise power at Antenna port
	dBm
	 
	-86.00
	-86.00

	B40 REFSEN @ 5MHz
	dBm
	-100.00
	 
	 

	noise figure dB
	dB
	9.00
	 
	 

	Thermal noise at RX ant port(dBm/Hz)
	dBm/Hz
	-165.00
	 
	 

	Thermal noise, dBm
	dBm
	 
	-98.01
	-98.01

	Total noise level at ANT port, dBm
	dBm
	 
	-85.73
	-85.73

	SNR requirement for QPSK
	dB
	-1.00
	 
	 

	REFSENSE (referred to antenna)(5MHz BW)
	dBm
	 
	-86.73
	-86.73

	combined REFSENS(5MHz BW), dBm
	dBm
	 
	-89.74
	 

	Margin
	dB
	4.00
	 
	 

	combined REFSENS(5MHz BW)after considering Margin, dBm
	dBm
	 
	-85.74
	 

	MSD
	dB
	 
	14.26
	 



Proposal 4: Consider an MSD= 14.26 dB for DC_40A_n78A MSD due to cross band leakage
Table 2.12 Reference sensitivity exceptions (MSD) due to cross band isolation for PC2 3TX EN-DC in NR FR1
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz
(dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	70 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n78
	401
	14.26
	14.27
	14.23
	14.28
	
	
	
	
	
	
	
	
	

	NOTE 1:	Applicable only when harmonic mixing MSD for this combination is not applied.



Observation 1: The MSD due to cross band isolations is stronger than the MSD due to harmonic mixing which is due to the fact that a different UE architecture is used.

3	PC1.5 3Tx MSD analysis
Table 3.1 summarizes the MSD status of these PC1.5 band combinations. For the band combinations with MSD status highlighted in green, the CA or DC 2Tx PC3 counter parts already exist in the spec. for other cases, the MSD is calculated below.  For the FDD+TDD band combinations, the architecture considered for the MSD analysis is depicted in Figure 2.1.
Table 3.1: Band combinations for 3Tx with CA/EN-DC power class 1.5
	Band combination
	UL configuration
	Max Power capabilities
	MSD Status

	CA_n41A-n71A
	CA_n41A-n71A
	PC3@n71 1Tx; PC1.5@n41 2Tx
	IM4 on n71,
PC1.5 3Tx needs to be provided;
H4 on n41
Not needed as it is an even order harmonic

	CA_n5A-n77A
	CA_n5A-n77A
	PC3@n5 1Tx;   PC1.5@n77 2Tx
	IM2 and IM4 on n5,
PC1.5 3Tx needs to be provided;

	CA_n25A-n77A
	CA_n25A-n77A
	PC3@n25 1Tx; PC1.5@n77 2Tx
	IM2 and IM4 on n25,
PC1.5 3Tx needs to be provided;
n77 UL could overlap with H2 of n25.
adapt from PC2 2Tx CA_n25A-n77A



Observation 2: for CA_n25A-n77A, IM2 on n25 was missing from the WF 
CA_n41A-n71A
Based on the MSD analysis, |3fn71-fn41| could fall on n71 Rx, so some MSD would be needed for n71 Rx. Table 3.2 presents the parameters of the analysis 
Table 3.2 CA_n41A-n71A parameters
	Antenna ISO
	10
	dB

	PCB isolation Paout-Pain
	60
	dB

	PCB isolation Paout Div-Pain main
	65
	dB

	Diplexer ISO
	15
	dB

	n71 TX SAW/duplexer rejection at n41 Tx
	45
	dB

	n71 RX duplexer rejection at n41 Tx
	40
	dB

	n71 SAW/Duplexer TX rejection at n71 RX band
	55
	dB

	filter n41 TX rejection at n71 RX band
	50
	dB

	n41 Tx attenuation at n71 RX
	34
	dB

	n41 Tx attenuation at n71 TX
	34
	dB

	Diplexer IL
	0.5
	dB

	Antenna switch IL
	1
	dB

	TX/RX switch IL
	0.5
	dB

	n71 Dup IL 
	4
	dB

	n41 RX SAW filter IL
	3
	dB

	Pout n71
	23
	dBm

	Pout n41
	24.8
	dBm

	Pout n41 Div
	24.8
	dBm

	REFSENS n71
	-97.2
	dBm


Table 3.3: IMD4 level to n71 Rx main path (PC1.5)
	Main Path
	received interference, IMD4 (dBm)

	Antenna switch
	-69.93

	Diplexer (H-H or L-L)
	-63.99

	n71 SAW/Duplexer
	-92.67

	n71 PA Forward mixing
	-63.68

	n41 PA Forward mixing
	-150.73

	n71 PA Reverse mixing
	-97.38

	n41 PA Reverse mixing
	-210.73

	Total
	-60.32

	B71 LNA via filters
	-90.55

	B71 LNA via PCB coupling
	-112.68

	Total main IMD
	-60.31


Table 3.4: IMD4 level to n71 Rx diversity path (PC1.5)
	Diversity Path
	received interference, IMD4 (dBm)

	From main path
	-70.31

	Diplexer
	-100.79

	Antenna switch
	-102.79

	n71 SAW Filter
	-98.49

	n41 PA  div Forward mixing
	-167.23

	n71 LNA via antenna ISO
	-148.55

	n71 LNA via PCB coupling
	-120.68

	Total div IMD
	-70.30



Table 3.5: CA_n41A-n71A MSD for n71 Rx due to IMD4 (PC1.5)
	MSD calculation parameters
	received interference, IMD4 (dB)

	MSD
	30.77

	SNR
	-26.49

	MSD at SNR=-1
	25.49



Proposal 5: Consider an MSD= 25.5 dB for CA_n41A-n71A with PC1.5 3Tx when IM4 falls on n71 Rx.
	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_n41-n71

	n41
	2614
	5
	25
	2614
	N/A
	TDD
	N/A

	
	n71
	665
	5
	25
	619
	25.5
	FDD
	IMD4



CA_n5A-n77A
Based on the MSD analysis, |3fn5-fn77| could fall on n71 Rx, so some MSD would be needed for n5 Rx. Table 3.6 presents the parameters of the analysis 
Table 3.6 CA_n5A-n77A parameters
	Antenna ISO
	10
	dB

	PCB isolation Paout-Pain
	60
	dB

	PCB isolation Paout Div-Pain main
	65
	dB

	Diplexer ISO
	15
	dB

	n5 TX SAW/duplexer rejection at n77 Tx
	18
	dB

	n5 RX duplexer rejection at n77 Tx
	50
	dB

	n5 SAW/Duplexer TX rejection at n5 RX band
	64
	dB

	filter n77 TX rejection at n5 RX band
	47
	dB

	n77 Tx attenuation at n5 RX
	47
	dB

	n77 Tx attenuation at n5 TX
	47
	dB

	Diplexer IL
	0.5
	dB

	Antenna switch IL
	1
	dB

	TX/RX switch IL
	0.5
	dB

	n5 Dup IL 
	4
	dB

	n77 RX SAW filter IL
	3
	dB

	Pout n5
	23
	dBm

	Pout n77
	24.8
	dBm

	Pout n77 Div
	24.8
	dBm

	REFSENS n5
	-98
	dBm


Table 3.7: IMD4 level to n5 Rx main path (PC1.5)
	Main Path
	received interference, IMD2 (dBm)
	received interference, IMD4 (dBm)

	Antenna switch
	-59.93
	-69.93

	Diplexer (H-H or L-L)
	-59.99
	-63.99

	n5 SAW/Duplexer
	-51.67
	-65.67

	n5 PA Forward mixing
	-75.04
	-74.04

	n77 PA Forward mixing
	-72.73
	-167.81

	n5 PA Reverse mixing
	-115.74
	-120.74

	n77 PA Reverse mixing
	-110.74
	-266.81

	Total
	-50.50
	-60.91

	B71 LNA via filters
	-80.91
	-128.91

	B71 LNA via PCB coupling
	-74.04
	-114.04

	Total main IMD
	-50.47
	-60.91


Table 3.8: IMD4 level to n5 Rx diversity path (PC1.5)
	Diversity Path
	received interference, IMD2 (dBm)
	received interference, IMD4 (dBm)

	From main path
	-60.47
	-70.91

	Diplexer
	-73.79
	-100.79

	Antenna switch
	-70.79
	-102.79

	n5 SAW Filter
	-50.49
	-98.49

	n77 PA  div Forward mixing
	-79.24
	-184.31

	n5 LNA via antenna ISO
	-67.91
	-149.91

	n5 LNA via PCB coupling
	-78.04
	-122.04

	Total div IMD
	-49.94
	-70.89



Table 3.9: CA_n5A-n77A MSD for n5 Rx due to IMD4 (PC1.5)
	MSD calculation parameters
	received interference, IMD2 (dBm)
	received interference, IMD4 (dB)

	MSD
	48.25
	30.18

	SNR
	-44.78
	-26.70

	MSD at SNR=-1
	43.78
	25.70


Proposal 6: Consider an MSD= 25.7 dB for CA_n5A-n77A with PC1.5 3Tx when IM4 falls on n5 Rx. For IM2 it is better to keep it as N/A (same as PC3 MSD) as the value is too high.
	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_n5-n7713
	n5
	N/A
	N/A
	N/A
	N/A
	N/A
	FDD
	IMD27

	
	n7712
	N/A
	N/A
	N/A
	N/A
	N/A
	TDD
	N/A

	
	n5
	844
	5
	25
	889
	25.70
	FDD
	IMD4

	
	n77
	3421
	10
	50
	3421
	N/A
	TDD
	N/A

	NOTE 7: 	In current release the maximum separation bandwidth class is 600MHz, therefore, no IMD2 MSD requirement apply for this CA configuration when two uplink  sub blocks are assigned within CA_77(2A).
NOTE 13:	For a UE which supports this band combination only when the Band n77 frequency range restriction defined in NOTE 12 of TS 38.101-1 Table 5.2-1 applies, the MSD test point(s) cannot be verified for the band combination and the test point(s) can be skipped.



CA_n25A-n77A
Based on the MSD analysis {|fn25-fn77| (IM2), |3fn25-fn77| (IM4)} could fall on n25 Rx so some MSD would be needed for n25 Rx. Table 3.10 present the parameters of the analysis..
Table 3.10 CA_n25A-n77A parameters
	Antenna ISO
	10
	dB

	PCB isolation Paout-Pain
	60
	dB

	PCB isolation Paout Div-Pain main
	65
	dB

	Diplexer ISO
	15
	dB

	n25 TX SAW/duplexer rejection at n77 Tx
	40
	dB

	n25 RX duplexer rejection at n77 Tx
	50
	dB

	n25 SAW/Duplexer TX rejection at n25 RX band
	53
	dB

	filter n77 TX rejection at n25 RX band
	45
	dB

	n77 Tx attenuation at n25 RX
	45
	dB

	n77 Tx attenuation at n25 TX
	45
	dB

	Diplexer IL
	0.5
	dB

	Antenna switch IL
	1
	dB

	TX/RX switch IL
	0.5
	dB

	n25 Dup IL 
	4
	dB

	n77 RX SAW filter IL
	3
	dB

	Pout n25
	23
	dBm

	Pout n77
	24.8
	dBm

	Pout n77 Div
	24.8
	dBm

	REFSENS n25
	-96.6
	dBm


Table 3.11: IMD level to n25 Rx main path (PC1.5)
	Main Path
	received interference, IMD2 (dBm)
	received interference, IMD4 (dBm)

	Antenna switch
	-59.93
	-69.93

	Diplexer (H-H or L-L)
	-59.99
	-63.99

	n25 SAW/Duplexer
	-73.67
	-87.67

	n25 PA Forward mixing
	-57.00
	-56.00

	n77 PA Forward mixing
	-63.69
	-144.69

	n25 PA Reverse mixing
	-95.70
	-100.70

	n77 PA Reverse mixing
	-99.70
	-237.69

	Total
	-53.48
	-55.21

	B71 LNA via filters
	-62.87
	-88.87

	B71 LNA via PCB coupling
	-67.00
	-107.00

	Total main IMD
	-52.84
	-55.21


Table 3.12: IMD level to n25 Rx diversity path (PC1.5)
	Diversity Path
	received interference, IMD2 (dBm)
	received interference, IMD4 (dBm)

	From main path
	-62.84
	-65.21

	Diplexer
	-73.79
	-100.79

	Antenna switch
	-70.79
	-102.79

	n25 SAW Filter
	-50.49
	-98.49

	n77 PA  div Forward mixing
	-70.20
	-161.19

	n25 LNA via antenna ISO
	-71.87
	-131.87

	n25 LNA via PCB coupling
	-71.00
	-115.00

	Total div IMD
	-50.08
	-65.21



Table 3.13: CA_n25A-n77A MSD for n25 Rx due to IMDs (PC1.5)
	MSD calculation parameters
	received interference, IMD2 (dB)
	received interference, IMD2 (dB)

	MSD
	46.79
	35.86

	SNR
	-41.81
	-30.88

	MSD at SNR=-1
	40.81
	29.88



Proposal 7: Consider an MSD= 40.8 dB for CA_n25A-n77A with PC1.5 3Tx when IM2 falls on n25 Rx
	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_n25-n77
	n25
	1855
	5
	25
	1935
	40.81
	FDD
	IMD2

	
	n77
	3790
	10
	50
	3790
	N/A
	TDD
	N/A

	
	n25
	1900
	5
	25
	1980
	29.88
	FDD
	IMD4

	
	n77
	3690
	10
	50
	3690
	N/A
	TDD
	N/A





3	Conclusion
Observation 1: CA_n41A-n71A PC2 is missing in the last WF.
	Band combination
	UL configuration
	Max Power capabilities
	MSD Status

	CA_n28A-n41A
	CA_n28A-n41A
	PC3@n28 1Tx; PC2@n41 2Tx    
	No MSD is needed

	CA_n28A-n78A
	CA_n28A-n78A
	PC3@n28 1Tx; PC3/2@n78 2Tx   
	IM5 on n8, 
H4 on n78, 
adapt from PC2 2Tx DC_28A_n78A

	CA_n8A-n78A
	CA_n8A-n78A
	PC3@n8 1Tx;   PC2@n78 2Tx     
	IM4 on n8, 
H4 on n78, 
adapt from PC2 2Tx CA_n8A-n78A

	CA_n41A-n71A
	CA_n41A-n71A
	PC3@n71 1Tx; PC2@n41 2Tx    
	IM4 on n71,
PC2 3Tx needs to be provided;
H4 on n41
Not needed as it is an even order harmonic

	CA_n41A-n77A
	CA_n41A-n77A
	PC2@n41 1Tx; PC2@n77 2Tx;      
PC2@n41 2Tx; PC2@n77 1Tx;      
	IM9 on n77, cross band isolation
adapt from PC2 2Tx CA_n41A-n77A

	CA_n26A-n78A
	CA_n26A-n78A
	PC3@n26 1Tx; PC2@n78 2Tx
	IM4 on n26,
PC2 3Tx needs to be provided

	DC_3A_n78A
	DC_3A_n78A
	PC3@n3 1Tx;   PC2@n78 2Tx
	IM2, IM4 on n3,
adapt from PC2 2Tx CA_n3-n78

	DC_40A_n78A
	DC_40A_n78A
	PC3@n40 1Tx; PC3/2@n78 2Tx
	Cross band leakage 
PC2 3Tx needs to be provided;
3H of n40 could mix with 2H of n78,
adapt from PC2 2Tx CA_n3-n77 



Proposal 1: Consider an MSD= 20.70 dB for CA_n41A-n71A with PC2 3Tx when IM4 falls on n71 Rx.
	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_n41-n71

	n41
	2614
	5
	25
	2614
	N/A
	TDD
	N/A

	
	n71
	665
	5
	25
	619
	20.70
	FDD
	IMD4



Proposal 2: Consider an MSD= 19.2 dB for CA_ n26A-n78A with PC2 3Tx when IM4 falls on n26 Rx.
	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_n26-n78

	n26
	836.5
	5
	25
	881.5
	19.22
	FDD
	IMD4

	
	n78
	3391
	10
	50
	3391
	N/A
	TDD
	N/A



Proposal 3:
Table 2.11 Reference sensitivity exceptions (MSD) due to receiver harmonic mixing for PC2 3Tx EN-DC in NR FR1
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5
MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n78
	40
	16.2
	13.2
	11.4
	10.2
	
	
	
	
	
	
	



Proposal 4: Consider an MSD= 14.26 dB for DC_40A_n78A MSD due to cross band leakage
Table 2.12 Reference sensitivity exceptions (MSD) due to cross band isolation for PC2 3TX EN-DC in NR FR1
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz
(dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	70 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n78
	401
	14.26
	14.27
	14.23
	14.28
	
	
	
	
	
	
	
	
	

	NOTE 1:	Applicable only when harmonic mixing MSD for this combination is not applied.



Observation 2: for CA_n25A-n77A, IM2 on n25 was missing from the WF 
Table 3.1: Band combinations for 3Tx with CA/EN-DC power class 1.5
	Band combination
	UL configuration
	Max Power capabilities
	MSD Status

	CA_n41A-n71A
	CA_n41A-n71A
	PC3@n71 1Tx; PC1.5@n41 2Tx
	IM4 on n71,
PC1.5 3Tx needs to be provided;
H4 on n41
Not needed as it is an even order harmonic

	CA_n5A-n77A
	CA_n5A-n77A
	PC3@n5 1Tx; //   PC1.5@n77 2Tx
	IM2 and IM4 on n5,
PC1.5 3Tx needs to be provided;

	CA_n25A-n77A
	CA_n25A-n77A
	PC3@n25 1Tx; PC1.5@n77 2Tx
	IM2 and IM4 on n25,
PC1.5 3Tx needs to be provided;
n77 UL could overlap with H2 of n25.
adapt from PC2 2Tx CA_n25A-n77A



[bookmark: _GoBack]Proposal 5: Consider an MSD= 25.5 dB for CA_n41A-n71A with PC1.5 3Tx when IM4 falls on n71 Rx.
	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_n41-n71

	n41
	2614
	5
	25
	2614
	N/A
	TDD
	N/A

	
	n71
	665
	5
	25
	619
	25.5
	FDD
	IMD4



Proposal 6: Proposal 6: Consider an MSD= 25.7 dB for CA_n5A-n77A with PC1.5 3Tx when IM4 falls on n5 Rx. For IM2 it is better to keep it as N/A (same as PC3 MSD) as the value is too high.
	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_n5-n7713
	n5
	N/A
	N/A
	N/A
	N/A
	N/A
	FDD
	IMD27

	
	n7712
	N/A
	N/A
	N/A
	N/A
	N/A
	TDD
	N/A

	
	n5
	844
	5
	25
	889
	25.70
	FDD
	IMD4

	
	n77
	3421
	10
	50
	3421
	N/A
	TDD
	N/A

	NOTE 7: 	In current release the maximum separation bandwidth class is 600MHz, therefore, no IMD2 MSD requirement apply for this CA configuration when two uplink  sub blocks are assigned within CA_77(2A).
NOTE 13:	For a UE which supports this band combination only when the Band n77 frequency range restriction defined in NOTE 12 of TS 38.101-1 Table 5.2-1 applies, the MSD test point(s) cannot be verified for the band combination and the test point(s) can be skipped.



Proposal 7: Consider an MSD= 40.8 dB for CA_n25A-n77A with PC1.5 3Tx when IM2 falls on n25 Rx
	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_n25-n77
	n25
	1855
	5
	25
	1935
	40.81
	FDD
	IMD2

	
	n77
	3790
	10
	50
	3790
	N/A
	TDD
	N/A

	
	n25
	1900
	5
	25
	1980
	29.88
	FDD
	IMD4

	
	n77
	3690
	10
	50
	3690
	N/A
	TDD
	N/A



4	Reference
[1]	“RP-231719, WID revision for Core part 4Rx handheld UE for low NR bands (1GHz) andor 3Tx for NR inter-band UL Carrier Aggregation (CA) and EN-DC, Oppo.” 
[2]	“R4-2314705, WF on 3Tx and 4Rx requirements, Oppo.” 
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