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1. Introduction

In the last RAN4 #86BIS meetings, the almost MSD issues of EN-DC band combinations are cleared. However, there is harmonic problem for EN_DC_20A_n28A-n75A band combination. The n28A transmitted signal will be impacted into n75 band. Generally, harmonic problem was treated in 2DL/1UL NR CA band combination such as NR CA_n28A-n75A. But, currently the NR CA band combination is not studied until now. Therefore, as exception case, the harmonic problem of NR CA_n28A-n75A will be studied to support EN_DC_20A_n28A-n75A.
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2. Basic RF architecture and coexistence analysis

The operating band and duplexe mode show in Table 1.
Table 1: DC band combination of LTE 1DL/1UL + two NR band

	E-UTRA and NR DC Band
	E-UTRA and NR Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	DC_20A_n28A-n75A
	20
	832 MHz 
	–
	862 MHz
	791 MHz 
	–
	821 MHz
	FDD

	
	n28
	703 MHz 
	–
	733 MHz
	758 MHz 
	–
	788 MHz
	

	
	n75
	N/A
	1432 MHz
	–
	1517 MHz
	SDL


NOTE: Band 28 is defined from UL 703 to 748 MHz and DL 758 to 803 MHz
The 2nd harmonics of NR Band n28 is would interfered the reception of the NR Band n75. To reduce the harmonic problem in n75 DL band, we consider harmonic trap filter for this EN-DC_20A_n28A-n75A UE.
Table 2 is the common isolation assumption for the EN-DC_20A-n28A-n75A UE FE components.

Table 2. EN-DC_20A_n28A-n75A UE RF FE component isolation parameters

	
	Attenuation Value

	B28 Tx in PA output
	28

	B28 PA H2 attenuation
	35

	B28 duplexer H2 attenuation
	33

	Harmonic filter
	20

	LB switch H2
	120

	Diplexer attenuation
	25

	Antenna isolation
	0

	Diplexer pathloss
	0.7

	MB switch attenuation
	0.7

	MB switch
	130/110 (primary/secondary)

	nB75 Rx filter attenuation
	1.5

	nB75 Rx filter
	110/110 (primary/secondary)

	B28 PA to n75 LNA isolation
	60


The Table 3 is the common parameters for MSD analysis for EN-DC_20A_n28A-n75A.
	Table 3. EN-DC_20A_n28A-n75A UE RF FE component isolation parameters

Parameter
	Considering Harmonic Trap Filter

	
	Primary
	Diversity

	
	Value
	H8 level
	Value
	H8 level

	B28 Tx in PA output
	28
	　
	28
	　

	B28 PA H2 attenuation
	35
	-7
	35
	-7

	B28 duplexer H2 attenuation
	33
	-40
	33
	-40

	Harmonic filter
	20
	-60
	20
	-60

	LB switch H2
	-120
	-60.0 
	-120
	-60.0 

	Diplexer attenuation
	25
	-85.0 
	25
	-85.0 

	Antenna isolation
	0
	-85.0 
	10
	-95.0

	Diplexer pathloss
	0.7
	-85.7 
	0.7
	-95.7

	MB switch attenuation
	0.7
	-86.4 
	0.7
	-96.4

	MB switch
	-130
	-86.4 
	-110
	-96.2

	nB75 Rx filter attenuation
	1.5
	-87.9 
	1.5
	-97.7

	nB75 Rx filter
	-110
	-87.9
	-110
	-97.5 

	B28 PA to n75 LNA isolation
	60
	-67.0
	60
	-67.0 

	Composite
	　
	-66.96
	　
	-66.99

	After MRC 
	28.1 dB


From the Table 3, MSD level for CA_n28A-n75A is derived as below in Table 4.
Table 4. Estimated MSD level at NR Band n75
	MSD due to 2nd harmonic for the n75 DL band

	UL band
	DL band
	5 

MHz
	10 

MHz
	15 

MHz
	20

 MHz

	
	
	dB
	dB
	dB
	dB

	n28
	n75
	28.1
	25.3
	24.0
	22.8


To complete EN_DC_20A_n28A-n75A band combination, we analysed the 2nd order harmonic impact by n28A transmission for NR CA_n28A-n75A.
Also we propose the additional ILs by harmonic trap filter, we study the performance of the commertial filter as below Table 5. 
Table 5. Harmonic Trap filter performance
	
	ILs for 

Band 28 Transmission
	ILs for 

Band 28 reception
	Attenuation on n75 (dB)

	Vendor A
	0.5
	0.52
	20

	Vendor B
	0.53
	0.47
	23

	Vendor C
	0.44
	0.42
	22

	Avg. Values
	0.49
	0.47
	22


As following shared pain approach in LTE CA, we propose the additional ILs for NR_n28A-n75A UE as below Table 6.

Table 6. Additional ILs for NR CA_n28A-n75A UE
	NR CA band combinations
	ΔTIB,c [dB] at n28
	ΔRIB,c [dB] at n28

	NR CA_n28A-n75A
	0.2
	0.2


The following contents are related TP based on above analysis.

****************** Start of the TP in section 6 of TR37.864-41-21 ************************
6
DC band combination of LTE 1DL/1UL + inter-band NR 2DL/1UL: Specific Band Combination Part

6.1
DC_20A-n28A-n75A
6.1.1
Operating bands for DC

Table 6.1.1-1: DC band combination of LTE 1DL/1UL + two NR band

	E-UTRA and NR DC Band
	E-UTRA and NR Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	DC_20A_n28A-n75A
	20
	832 MHz 
	–
	862 MHz
	791 MHz 
	–
	821 MHz
	FDD

	
	n28
	703 MHz 
	–
	733 MHz
	758 MHz 
	–
	788 MHz
	

	
	n75
	N/A
	1432 MHz
	–
	1517 MHz
	SDL


NOTE: Band 28 is defined from UL 703 to 748 MHz and DL 758 to 803 MHz
6.1.2
Channel bandwidths per operating band for DC

Table 6.1.2-1: Supported bandwidths per DC band combination of LTE 1DL/1UL + two NR band
	DC operating / channel bandwidth

	E-UTRA and NR DC Configuration
	E-UTRA and NR Band
	Subcarrier spacing
(kHz)
	5 MHz
	10 MHz
	15 MHz
	20
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	100 MHz
	Maximum aggregated bandwidth

[MHz]

	DC_20A_n28A-n75A
	20
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	60

	
	n28
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	
	60
	
	
	
	
	
	
	
	
	
	

	
	n75
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	


6.1.3
Co-existence studies

Co-existence studies and the protected bands for the lower order 2DL/2UL DC configurations are already captured 37.863-01-01. For the additional 3rd receive band, second order harmonic from Band n28 may fall into Band n75.
6.1.4
∆TIB and ∆RIB values
For DC_20A_n28A-n75A, the (TIB,c and (RIB values are given in the tables below.

Table 6.1.4-1: ΔTIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	DC_20A_n28A-n75A
	20
	0.5

	
	n28
	0.7

	Note : For this DC band combination UE, consider HTF at n28


Table 6.1.4-2: ΔRIB,C
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔRIB,c [dB]

	DC_20A_n28A-n75A
	20
	0.0

	
	n28
	0.2

	
	n75
	0.0

	Note : For this DC band combination consider HTF at n28


6.1.5
MSD
 The 2nd harmonics of NR Band n28 is would interfered the reception of the NR Band n75. To reduce the harmonic problem in n75 DL band, we consider harmonic trap filter for this EN-DC_20A_n28A-n75A UE.
Table 6.1.5-1 is the common isolation assumption for the EN-DC_20A-n28A-n75A UE FE components.

Table 6.1.5-1. EN-DC_20A_n28A-n75A UE RF FE component isolation parameters

	
	Attenuation Value

	B28 Tx in PA output
	28

	B28 PA H2 attenuation
	35

	B28 duplexer H2 attenuation
	33

	Harmonic filter
	20

	LB switch H2
	120

	Diplexer attenuation
	25

	Antenna isolation
	0

	Diplexer pathloss
	0.7

	MB switch attenuation
	0.7

	MB switch
	130/110 (primary/secondary)

	nB75 Rx filter attenuation
	1.5

	nB75 Rx filter
	110/110 (primary/secondary)

	B28 PA to n75 LNA isolation
	60


The Table 6.1.5-2 is the common parameters for MSD analysis for EN-DC_20A_n28A-n75A.
Table 6.1.5-2. EN-DC_20A_n28A-n75A UE RF FE component isolation parameters

	Parameter
	Considering Harmonic Trap Filter

	
	Primary
	Diversity

	
	Value
	H8 level
	Value
	H8 level

	B28 Tx in PA output
	28
	　
	28
	　

	B28 PA H2 attenuation
	35
	-7
	35
	-7

	B28 duplexer H2 attenuation
	33
	-40
	33
	-40

	Harmonic filter
	20
	-60
	20
	-60

	LB switch H2
	-120
	-60.0 
	-120
	-60.0 

	Diplexer attenuation
	25
	-85.0 
	25
	-85.0 

	Antenna isolation
	0
	-85.0 
	10
	-95.0

	Diplexer pathloss
	0.7
	-85.7 
	0.7
	-95.7

	MB switch attenuation
	0.7
	-86.4 
	0.7
	-96.4

	MB switch
	-130
	-86.4 
	-110
	-96.2

	nB75 Rx filter attenuation
	1.5
	-87.9 
	1.5
	-97.7

	nB75 Rx filter
	-110
	-87.9
	-110
	-97.5 

	B28 PA to n75 LNA isolation
	60
	-67.0
	60
	-67.0 

	Composite
	　
	-66.96
	　
	-66.99

	After MRC 
	28.1 dB


From the Table 6.1.5-2, the required MSD levels for CA_n28A-n75A are derived as below in Table 6.1.5-3.

Table 6.1.5-3. Estimated MSD level at NR Band n75
	MSD due to 2nd harmonic for the n75 DL band

	UL band
	DL band
	5 

MHz
	10 

MHz
	15 

MHz
	20

 MHz

	
	
	dB
	dB
	dB
	dB

	n28
	n75
	28.1
	25.3
	24.0
	22.8


****************** End of the TP ************************

