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1	Introduction 

The objective of introducing the feature of inter-band UL CA/DC with simultaneous 1Tx transmission in one band (TDD or FDD) and 2Tx transmission in the other band (TDD) for UL MIMO or Tx diversity has been included in a Rel-18 work item on “Low NR band 4Rx and 3Tx” approved in RAN #98-e meeting [1]. On the Rx requirement side (mainly the REFSENS exceptions) for the intended 3Tx band combinations, it has been agreed in RAN4 #107 meeting that the existing PC3/PC2 MSD requirements for 2Tx can be reused for the same combination with 3Tx with the same power class, as was captured in the approved “WF on UE RF requirements for 3Tx and 4Rx” [2]. On the other hand, for the 3Tx PC1.5 combinations with PC3 in FDD band and PC1.5 in TDD band, a new 2UL IMD MSD framework was agreed in last RAN4 meeting where the UL power configuration is specified at 23dBm and 27.8dBm for FDD band and TDD band respectively [3]. Based on the new 2UL IMD MSD framework, in this contribution, we provide our MSD analysis and results for the 3 example PC1.5 CA combinations proposed in this WID for specifications development consideration.                        
2 Discussion

Our 2UL IMD MSD analysis for PC2 and PC1.5 band combinations is based on the assumption that at the maximum configured UL power, each PA still operates at its relatively linear region. As a result, the IMD power can be linearly extrapolated in dB domain. On the other hand, for PC3 and PC2 UL combinations, it is assumed PC3 PA is used in each band, while for PC1.5 UL combinations, PC3 PA is used for the 1Tx (FDD) band and 2 PC2 PAs are used for the 2Tx (TDD) band. Therefore, from PC3 to PC2 UL configuration, there is no PA linearity improvement, while from PC3 to PC1.5 UL configuration, the 2Tx PA linearity is improved.

2.1	MSD analysis for PC1.5 CA_n41-n71

According to the current RAN4 specifications [4], CA_n41-n71 is subject to IMD4 impact to n71 DL. The IMD composition is 3rd order in n71 UL and 1st order in n41 UL. Our background analysis indicates that the dominant IMD mechanism is from n71 PA forward mixing. Table 2.1-1 summarizes the MSD analysis results where the MSD for PC3 UL configuration is referenced to the current RAN4 specifications [4]. The MSD for PC2 and PC1.5 UL configurations are derived based on linear extrapolation.

	CA Combination
	Power Class
	NR Band
	PUL (dBm)
	IMD Source
	IMD Order
	MSD (dB)

	CA_n41-n71
	3
	n41
	20
	IMD4
	1
	11.0

	
	
	n71
	20
	
	3
	

	
	2
	n41
	23
	IMD4
	1
	23.0

	
	
	n71
	23
	
	3
	

	
	1.5
	n41
	27.8
	IMD4
	1
	27.8

	
	
	n71
	23
	
	3
	



Table 2.1-1 MSD analysis results for CA_n41-n71
2.2	MSD analysis for PC1.5 CA_n25-n77

According to the current RAN4 specifications [4], CA_n25-n77 is subject to IMD2, IMD4, and IMD5 impact to n25 DL. For IMD2, the IMD composition is 1st order in n25 UL and 1st order in n77 UL. For IMD4, the IMD composition is 3rd order in n25 UL and 1st order in n77 UL, and for IMD5, the IMD composition is 3rd order in n25 UL and 2nd order in n77 UL. Our background analysis indicates that the IMD mechanism for IMD2 is equally dominated by n25 PA forward mixing and n77 forward PA mixing, while for both IMD4 and IMD5 components, the dominant IMD mechanism is from n25 PA forward mixing.

Table 2.2-1 summarizes the MSD analysis results where the MSD for PC3 UL configuration is referenced to the current RAN4 specifications [4]. The MSD for PC2 and PC1.5 UL configurations are derived based on linear extrapolation.

	CA Combination
	Power Class
	NR Band
	PUL (dBm)
	IMD Source
	IMD Order
	MSD (dB)

	CA_n25-n77
	3
	n25
	20
	IMD2
	1
	26.0

	
	
	n77
	20
	
	1
	

	
	2
	n25
	23
	IMD2
	1
	32.0

	
	
	n77
	23
	
	1
	

	
	1.5
	n25
	23
	IMD2
	1
	35.2

	
	
	n77
	27.8
	
	1
	

	
	3
	n25
	20
	IMD4
	3
	8.0

	
	
	n77
	20
	
	1
	

	
	2
	n25
	23
	IMD4
	3
	20.0

	
	
	n77
	23
	
	1
	

	
	1.5
	n25
	23
	IMD4
	3
	24.8

	
	
	n77
	27.8
	
	1
	

	
	3
	n25
	20
	IMD5
	3
	5.0

	
	
	n77
	20
	
	2
	

	
	2
	n25
	23
	IMD5
	3
	20.0

	
	
	n77
	23
	
	2
	

	
	1.5
	n25
	23
	IMD5
	3
	29.6

	
	
	n77
	27.8
	
	2
	



Table 2.2-1 MSD analysis results for CA_n25-n77

2.3	MSD analysis for PC1.5 CA_n5-n77

According to the current RAN4 specifications [4], CA_n5-n77 is subject to IMD4 and IMD5 impact to n5 DL. For IMD4, the IMD composition is 3rd order in n5 UL and 1st order in n77 UL, while for IMD5, the IMD composition is 4th order in n5 UL and 1st order in n77 UL. Our background analysis indicates that the dominant IMD mechanism is from n5 PA forward mixing for both IMD4 and IMD5 components. 

Table 2.2-1 summarizes the MSD analysis results where the MSD for PC3 UL configuration is referenced to the current RAN4 specifications [4]. The MSD for PC2 and PC1.5 UL configurations are derived based on linear extrapolation.





	CA Combination
	Power Class
	NR Band
	PUL (dBm)
	IMD Source
	IMD Order
	MSD (dB)

	CA_n5-n77
	3
	n5
	20
	IMD4
	3
	8.3

	
	
	n77
	20
	
	1
	

	
	2
	n5
	23
	IMD4
	3
	20.3

	
	
	n77
	23
	
	1
	

	
	1.5
	n5
	23
	IMD4
	3
	25.1

	
	
	n77
	27.8
	
	1
	

	
	3
	n5
	20
	IMD5
	4
	5.5

	
	
	n77
	20
	
	1
	

	
	2
	n5
	23
	IMD5
	4
	20.5

	
	
	n77
	23
	
	1
	

	
	1.5
	n5
	23
	IMD5
	4
	25.3

	
	
	n77
	27.8
	
	1
	



      Table 2.3-1 MSD analysis results for CA_n5-n77

Based on the above analysis, the PC1.5 MSD requirements and test configurations for the 3 example band combinations are summarized in the following table.

	NR CA Band Combination
	NR Band
	UL Fc (MHz)
	UL/DL
BW (MHz)
	UL
CLRB
	DL Fc
(MHz)
	MSD
(dB)
	Duplex
Mode
	Source of
IMD

	CA_n5-n77
	n5
	844
	5
	25
	889
	25.1
	FDD
	IMD4

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

	
	n5
	829
	5
	25
	874
	25.3
	FDD
	IMD5

	
	n77
	4190
	10
	50
	4190
	N/A
	TDD
	N/A

	CA_n25-n77
	n25
	1855
	5
	25
	1935
	35.2
	FDD
	IMD2

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

	
	n25
	1900
	5
	25
	1980
	24.8
	FDD
	IMD4

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

	
	n25
	1885
	5
	25
	1965
	29.6
	FDD
	IMD5

	
	n77
	3810
	10
	50
	3810
	N/A
	TDD
	N/A

	CA_n41-n71
	n41
	2614
	5
	25
	2614
	N/A
	TDD
	N/A

	
	n71
	665
	5
	25
	619
	27.8
	FDD
	IMD4

	NOTE:    The FDD band transmitter output power shall be set at min(+23 dBm, PCMAX_L,f,c) and the TDD band transmitter output power shall be set at min(+27.8 dBm, PCMAX_L,f,c) where PCMAX_L,f,c is defined in clause 6.2A.4.



Table 2 PC1.5 MSD requirements and test configurations for CA_n5-n77, CA_n25-n77, CA_n41-n71

3	Conclusion

In this contribution, we provide our MSD analysis and results for the 3 example PC1.5 CA combinations proposed in the 3Tx WID for specifications development consideration. The proposed MSD requirements and test configurations are summarized in the table below.

Proposal: RAN4 to take the following PC1.5 MSD requirements and test configurations into consideration.


	NR CA Band Combination
	NR Band
	UL Fc (MHz)
	UL/DL
BW (MHz)
	UL
CLRB
	DL Fc
(MHz)
	MSD
(dB)
	Duplex
Mode
	Source of
IMD

	CA_n5-n77
	n5
	844
	5
	25
	889
	25.1
	FDD
	IMD4

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

	
	n5
	829
	5
	25
	874
	25.3
	FDD
	IMD5

	
	n77
	4190
	10
	50
	4190
	N/A
	TDD
	N/A

	CA_n25-n77
	n25
	1855
	5
	25
	1935
	35.2
	FDD
	IMD2

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

	
	n25
	1900
	5
	25
	1980
	24.8
	FDD
	IMD4

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

	
	n25
	1885
	5
	25
	1965
	29.6
	FDD
	IMD5

	
	n77
	3810
	10
	50
	3810
	N/A
	TDD
	N/A

	CA_n41-n71
	n41
	2614
	5
	25
	2614
	N/A
	TDD
	N/A

	
	n71
	665
	5
	25
	619
	27.8
	FDD
	IMD4

	NOTE:    The FDD band transmitter output power shall be set at min(+23 dBm, PCMAX_L,f,c) and the TDD band transmitter output power shall be set at min(+27.8 dBm, PCMAX_L,f,c) where PCMAX_L,f,c is defined in clause 6.2A.4.
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