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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN4 #108 meeting, some agreements about general principles for MSD for 3Tx inter-band UL CA/EN-DC have been reached in[1], captured as follows. Based on these principles, the remaining CA combinations of PC2 and PC1.5 are analyzed in this contribution. And the related band combinations needed MSD studies are as follows:
	<Way forward/Agreement>: 
· 23+27.8 is used as the power configuration in the 3Tx PC1.5 IMD calculation where band A is 23dBm and band B is 24.8dBm+24.8dBm with 2Tx.
· Confirm that the conclusion of “use same MSD for the band combination with either 1Tx or 2Tx in TDD aggressor band UL with same power class for harmonic mixing and cross-band leakage” is also applicable to 3Tx with PC1.5 band combination.
· For harmonic, harmonic mixing and cross band isolation.
· Only add a text in subclause “7.3A.2.3 Reference sensitivity power level for Inter-band CA” to clarify that “the same requirements for REFSENS exceptions apply for UL aggressor configured with either 1Tx or 2Tx for UL MIMO or Tx diversity operation.



	<Band combinations needs MSD studies>: 
PC2:
	Band comb
	3Tx MSD

	CA_n26A-n78A
	· FFS: 2Tx PC2 IMD4 MSD was not defined in spec
· Keep as not defined: 2Tx PC2 harmonic mixing 4th order MSD

	DC_40A_n78A
	· FFS: 2Tx PC2 harmonic mixing 3rd order MSD was not defined in spec 
· FFS: 2Tx PC2 cross band leakage MSD was not defined in spec


PC1.5:
	Band combination
	MSD status

	CA_n71A-n41A
	· Reuse: 2Tx PC3 MSD for n71 harmonic 4th order interfere n41 is defined in the spec, and can be reused to 3Tx
· Keep as not defined: PC2 2Tx harmonic mixing 4th order MSD
· FFS: 3T PC1.5 IMD4

	Band combination
	MSD status

	[bookmark: _Hlk146303675]CA_n25A -n77A
(CA_n2A -n77A)
	· n25 UL harmonic 2 with PC3
· [bookmark: _Hlk146303557]FFS: 3T PC1.5 harmonic mixing 2nd order
· FFS: 3T PC1.5 IMD2/4
· FFS: 3T PC1.5 cross band isolation

	CA_n5A -n77A
	· n5 UL harmonic 4/5 with PC3
·   Keep as not defined: 3T PC1.5 harmonic mixing 4th order
· FFS: 3T PC1.5 IMD4





2. [bookmark: _Hlk146100670][bookmark: _Hlk145493529][bookmark: _Hlk145440945]MSD analysis for PC2 band combination
2.1. CA_n26A-n78A
2.1.1. IMD
[bookmark: _Hlk146307085]In current specification, there is no IMD MSD requirement for 2Tx PC2 CA_n26A-n78A. So, there are two kinds of MSD calculation schemes to be considered. Scheme 1: 2Tx requirement could be defined firstly and then reused to 3Tx architecture. Scheme 2: Directly calculate the IMD MSD for 3Tx of PC2. Below is the comparison of the two schemes. Scheme 1 uses architecture 1, scheme 2 uses architecture 2, and the calculation parameters are shown in table 1.
[image: ]
Figure 1. IMD4 product of CA_n26A-n78A
[image: ]
[bookmark: _Hlk146554852]Figure2. architecture 1, 2Tx PC2 IMD4 for CA_n26A-n78A

[image: ]
Figure3. architecture 2, 2Tx PC2 IMD4 for CA_n26A-n78A
After calculation, it can be observed that there is almost no difference between 2TX and 3TX on IMD4 MSD. The MSD for IMD4 is 24.6dB, considering some margin the MSD requirement could be defined at 25dB.
Table 1. Parameters of IMD4 MSD evaluation
	Antenna isolation
	10 dB

	[bookmark: _Hlk144218579]Front end loss
	4 dB

	[bookmark: _Hlk144218588]Diplexer isolation
	15 dB

	PCB isolation
	65 dB

	n26 PA forward IP4
	28

	[bookmark: _Hlk144217931]n26 PA reverse IP4
	33

	n78 PA forward IP4
	28

	n78 PA reverse IP4
	33

	n26 duplexer Tx rejection at n78
	30 dB

	n26 duplexer Tx-Rx isolation
	50 dB

	[bookmark: _Hlk144219181]n78 filter rejection at n26 Tx
	60 dB

	n78 filter rejection at n26 Rx
	60 dB

	REFSENS of n26
	-97.5 dBm/5MHz



[bookmark: _Hlk146642961]Proposal 1: 3Tx PC2 IMD4 MSD requirement for CA_n26A-n28A could be defined as the table below.

	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
	25
	FDD
	IMD4

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



[bookmark: _Hlk146719822]2.2. DC_40A_n78A
2.2.1. Cross band leakage
The cross-band leakage is from UL of n78, and it will interfere DL of b40. The analysis of 2TX cross band leakage for PC2 uses the shared antenna architecture, as shown in figure 4. And the related calculation parameters are stated in table 2. 3TX MSD could reuse the 2TX requirement.
[image: ]
Figure 4. 2Tx PC2 Cross band leakage for DC_40A_n78A with shared antenna

Table 2. Parameters of cross band leakage MSD evaluation
	Antenna isolation
	10 dB

	Diplexer isolation
	10 dB

	Front end loss
	4 dB

	PCB isolation
	60 dB

	[bookmark: _Hlk146534453]n78 PC3 Tx noise @ b40
	-125 dBm/Hz

	b40 DL CBW
	5 MHz

	n78 filter attenuation at b40
	25 dB

	REFSENS of b40
	-100 dBm/5MHz


For 5MHz, the MSD for cross band leakage is 3.4 dB, considering some margin the MSD requirement could be defined at 5dB.
[bookmark: _Hlk146642991][bookmark: _Hlk146305662]Proposal 2: 3Tx PC2 cross band leakage MSD requirement for DC_40A_n78A could be defined as the table below.

	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
	5
	5
	5
	5
	
	
	
	
	
	
	
	
	

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


3. MSD analysis for PC1.5 band combination
In the last meeting it was agreed that, using same MSD for the band combination with either 1Tx or 2Tx in TDD aggressor band UL with same power class for harmonic mixing and cross-band leakage” is also applicable to 3Tx with PC1.5 band combination. So, the 3TX PC1.5 MSD requirement for 2nd order harmonic mixing and cross band isolation for band combinations of CA_n25A -n77A(CA_n2A -n77A) can reuse the current 2TX requirements. And the other IMD MSD requirements need to be calculated.
3.1. CA_n71A-n41A
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3.1.1. IMD
The architecture used for IMD calculation for CA_n71A-n41A is shown in figure 6, and the calculation parameters are as table 3 stated. IMD4 product will interfere DL of n71, 23+27.8 is used as the power configuration in the 3Tx PC1.5 IMD calculation where band n71 is 23dBm and band n41 is 24.8dBm+24.8dBm with 2Tx. 
[image: ]
Figure 5. IMD4 product of CA_n71A-n41A
[image: ]
[bookmark: _Hlk146555218]Figure6 . 3Tx PC1.5 IMD4 MSD
[bookmark: _Hlk146308313]Table 3. Parameters of IMD4 MSD evaluation
	Antenna isolation
	10 dB

	Front end loss
	4 dB

	Diplexer isolation
	15 dB

	PCB isolation
	65 dB

	n71 PA forward IP4
	28

	n71 PA reverse IP4
	33

	n41 PA forward IP4
	28

	n41 PA reverse IP4
	33

	n71 duplexer Tx rejection at n41
	50 dB

	n71 duplexer Tx-Rx isolation
	50 dB

	n41 filter rejection at n71 Tx
	45 dB

	n41 filter rejection at n71 Rx
	45 dB

	REFSENS of n71
	-97.2 dBm/5MHz


The calculation result of MSD for IMD4 is 27.3 dB, considering some margin the MSD requirement could be defined at 28 dB.
Proposal 3: 3Tx PC1.5 IMD4 MSD requirement for CA_n71A-n41A could be defined as the table below.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n71A-n41A
	n41
	2614
	5
	25
	2614
	N/A
	TDD
	N/A

	
	n71
	665
	5
	25
	619
	28
	FDD
	IMD4



3.2. CA_n25A -n77A(CA_n2A -n77A)
[bookmark: _Hlk146305707]In the current specification, 2TX PC1.5 harmonic mixing and cross band interference MSD requirements for CA_n25A-n77A and CA_n2A-n77A have been developed. So 3TX architecture can reuse them. Related analysis is stated below.
3.2.1. Harmonic mixing
[bookmark: _Hlk146306039]3TX PC1.5 harmonic mixing MSD for CA_n25A-n77A and CA_n2A-n77A could reuse the requirements of Table 7.3A.4-4b in TS 38.101-1.
[bookmark: _Hlk146306217][bookmark: _Hlk146643031][bookmark: _Hlk146307410]Proposal 4: 3Tx PC1.5 harmonic mixing MSD requirement for CA_n25A-n77A and CA_n2A-n77A could be defined as the table below.
	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
	n2
	10
	15
	25 (RBstart=0)
	5
	11.8
	NOTE 4
	UL1/DL2

	n77
	n2
	20
	15
	100 (RBstart=0)
	20
	9.2
	NOTE 4
	UL1/DL2

	n77
	n25
	10
	15
	25 (RBstart=0)
	5
	11.9
	NOTE 4
	UL1/DL2

	n77
	n25
	20
	15
	100 (RBstart=0)
	40
	3.3
	NOTE 4
	UL1/DL2


3.2.2. Cross band interference
3TX PC1.5 cross band interference MSD for CA_n25A-n77A and CA_n2A-n77A could reuse the requirements of Table 7.3A.6-1b in TS 38.101-1.
[bookmark: _Hlk146643055]Proposal 5: 3Tx PC1.5 cross band interference MSD requirement for CA_n25A-n77A and CA_n2A-n77A could be defined as the table below.
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n77
	n2
	3305
	100
	30
	270 (RBstart=0)
	1987.5
	5
	1.8
	>ACLR2

	n77
	n25
	3305
	100
	30
	270 (RBstart=0)
	1992.5
	5
	1.8
	>ACLR2


3.2.3. IMD
The architecture used for IMD calculation for CA_n25A-n77A is shown in figure 8, and the calculation parameters are shown in table 4. IMD2 and IMD4 products will interfere DL of n25, 23+27.8 is used as the power configuration in the 3Tx PC1.5 IMD calculation where band n25 is 23dBm and band n77 is 24.8dBm+24.8dBm with 2Tx. 
[image: ]
Figure 7. IMD product of CA_n25A-n77A

[image: ]
[bookmark: _Hlk146555390]Figure 8. 3Tx PC1.5 IMD MSD
Table 4. Parameters of IMD4 MSD evaluation
	Antenna isolation
	10 dB

	Front end loss
	4 dB

	Diplexer isolation
	15 dB

	PCB isolation
	65 dB

	n25 PA forward IP2
	27

	n25 PA reverse IP2
	38

	n77 PA forward IP2
	27

	n77 PA reverse IP2
	38

	n25 PA forward IP4
	28

	n25 PA reverse IP4
	33

	n77 PA forward IP4
	28

	n77 PA reverse IP4
	33

	n25 duplexer Tx rejection at n77
	28 dB

	n25 duplexer Tx-Rx isolation
	50 dB

	n77 filter rejection at b25 Tx
	40 dB

	n77 filter rejection at n25 Rx
	40 dB

	REFSENS of n25
	-96.5 dBm/5MHz


[bookmark: _Hlk146563206]The calculation result of MSD for IMD2 is 35.2 dB, considering some margin the MSD requirement could be defined at 36 dB. The calculation result of MSD for IMD4 is 26.6 dB, and the MSD requirement could be defined at 27 dB.
[bookmark: _Hlk146643119]Proposal 6: 3Tx PC1.5 IMD4 MSD requirement for CA_n25A -n77A could be defined as the table below.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band
Configuration
	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
	36
	FDD
	IMD2

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

	
	n25
	1900
	5
	25
	1980
	27
	FDD
	IMD4

	
	n77
	3720
	10
	50
	3720
	N/A
	TDD
	N/A



3.3. CA_n5A -n77A
3.3.1. IMD
The architecture used for IMD calculation for CA_n5A-n77A is shown in figure 10, and the calculation parameters are shown in table 5. IMD4 product will interfere DL of n5, 23+27.8 is used as the power configuration in the 3Tx PC1.5 IMD calculation where band n25 is 23dBm and band n77 is 24.8dBm+24.8dBm with 2Tx. 
[image: ]
Figure9. IMD4 product of CA_n5A-n77A

[image: ]
Figure10. 3Tx PC1.5 IMD MSD
Table 5. Parameters of IMD4 MSD evaluation
	[bookmark: OLE_LINK16]Antenna isolation
	10 dB

	Front end loss
	4 dB

	Diplexer isolation
	15 dB

	PCB isolation
	65 dB

	n5 duplexer Tx rejection at n77
	35 dB

	n5 duplexer Tx-Rx isolation
	45 dB

	n77 filter rejection at n5 Tx
	35 dB

	n77 filter rejection at n5 Rx
	35 dB

	n5 PA forward IP4
	28

	n5 PA reverse IP4
	33

	n77 PA forward IP4
	28

	n77 PA reverse IP4
	33

	REFSENS of n5
	-98 dBm/5MHz


The calculation result of MSD for IMD4 is 28.5 dB, considering some margin the MSD requirement could be defined at 29 dB.
[bookmark: _Hlk146643096]Proposal 7: 3Tx PC1.5 IMD4 MSD requirement for CA_n5A -n77A could be defined as the table below.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n5-n77
	5
	844
	5
	25
	889
	29
	FDD
	IMD4

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


4. [bookmark: _Hlk146100639]Conclusion
Proposal 1: 3Tx PC2 IMD4 MSD requirement for CA_n26A-n28A could be defined as the table below.

	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
	25
	FDD
	IMD4

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



Proposal 2: 3Tx PC2 cross band leakage MSD requirement for DC_40A_n78A could be defined as the table below.

	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
	5
	5
	5
	5
	
	
	
	
	
	
	
	
	

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



Proposal 3: 3Tx PC1.5 IMD4 MSD requirement for CA_n71A-n41A could be defined as the table below.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band
Configuration
	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
	28
	FDD
	IMD4



Proposal 4: 3Tx PC1.5 harmonic mixing MSD requirement for CA_n25A-n77A and CA_n2A-n77A could be defined as the table below.
	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
	n2
	10
	15
	25 (RBstart=0)
	5
	11.8
	NOTE 4
	UL1/DL2

	n77
	n2
	20
	15
	100 (RBstart=0)
	20
	9.2
	NOTE 4
	UL1/DL2

	n77
	n25
	10
	15
	25 (RBstart=0)
	5
	11.9
	NOTE 4
	UL1/DL2

	n77
	n25
	20
	15
	100 (RBstart=0)
	40
	3.3
	NOTE 4
	UL1/DL2



Proposal 5: 3Tx PC1.5 cross band interference MSD requirement for CA_n25A-n77A and CA_n2A-n77A could be defined as the table below.
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n77
	n2
	3305
	100
	30
	270 (RBstart=0)
	1987.5
	5
	1.8
	>ACLR2

	n77
	n25
	3305
	100
	30
	270 (RBstart=0)
	1992.5
	5
	1.8
	>ACLR2



Proposal 6: 3Tx PC1.5 IMD4 MSD requirement for CA_n25A -n77A could be defined as the table below.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band
Configuration
	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
	36
	FDD
	IMD2

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

	
	n25
	1900
	5
	25
	1980
	27
	FDD
	IMD4

	
	n77
	3720
	10
	50
	3720
	N/A
	TDD
	N/A



Proposal 7: 3Tx PC1.5 IMD4 MSD requirement for CA_n5A -n77A could be defined as the table below.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n5-n77
	5
	844
	5
	25
	889
	29
	FDD
	IMD4

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