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1 Introduction
It was identified that LTE NR DC band combinations DC_28-n77 and DC_19-n79 have 5th harmonic mixing issues [1][2]. 
For DC_28-n78, as only 2MHz frequency range in Band 28 has this kind of issue, which can be solved easily by scheduling. No MSD needs to be defined for this DC band combination.
2 Discussion

The parameters used in the harmonic mixing analysis are discussed in [1], in the following analysis, the similar parameters will be used. It is noted that for these two band combinations, some parameters need to be adjusted taken into consideration of the band specific characteristics. 
2.1 MSD for DC_28-n77

For Band 28 with Band n77, the MSD depends on the 5th order harmonic rejection. Parameters used in the harmonic mixing analysis are listed below.

· Antenna isolation: 10dB

· Front end loss: 4dB

· Diplexer isolation: 15dB



· Band 28 DUP Rx filter rejection at 3.5GHz: 60dB

· PCB isolation: 70dB

· RFIC 5th order harmonic rejection: 20 dB
Table 2.1-1 provides the calculation of the Tx power at LNA input for both main and diversity path respectively. 

Table 2.1-1 MSD calculation
	Direct Signal Path

	Parameter
	Main
	Diversity
	 

	Tx power at antenna port
	23
	13
	dBm

	Tx power at diplexer output
	8
	-2
	dBm

	Tx power at LNA input
	-57
	-67
	dBm

	PCB Coupling Path

	Parameter
	Main
	Diversity
	 

	Tx power at HB PA output
	27
	27
	dBm

	Tx power at LNA input
	-43
	-43
	dBm

	Combined

	Tx power at LNA input
	-42.5
	-42.9
	dBm

	Tx power after Rx mixing (referred to antenna)
	-58.5
	-58.9
	dBm

	MSD after uncorrelated MRC (5-MHz carrier)
	38.3
	dB


Based on the analysis, the MSD for Band 28 with Band n77 for 5MHz CBW is about 38.3dB. It is noted that the CBW for Band n77 can be as large as 100MHz, however, Band 28 only has maximum CBW of 20MHz. When we test the REFSENS of Band 28 in this DC band combination, the worst case is consider the same number of RB allocations for Band n77 as that for Band 28. 
Table 2.1-2 is the MSD values for DC_28-n77.

Table 2.1-2 MSD due to harmonic mixing for DC_28-n77
	MSD due to harmonic mixing exception for the DL band

	UL band
	DL band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	
	
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB

	n77
	28
	38.3
	35.3
	33.5 
	32.3 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	NOTE 1:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (higher) band for which the mixing product due to harmonic of victim (lower) band LO with leakage of aggressor (higher) band is within the downlink transmission bandwidth of a victim (lower) band.
NOTE 2:
The requirements should be verified for DL EARFCN of the victim (lower) band (superscript LB) such that 
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Uplink configuration in Table shall be considered for the harmonic mixing test for DC_28-n77. The purpose is to verify the REFSENS degradation of the low band, therefore, there is no need to configure all the CBWs for the NR band. For larger SCS for the NR band, the RB allocation should be as close as the bandwidth for15kHz SCS. 
Table 2.1-3 Uplink configuration for the high band (exceptions) for NR
	NR Band / Channel bandwidth of the high band / NRB 

	LTE-NR DC band combination
	UL band
	SCS
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	DC_28-n77
	n77
	15
	25
	50
	75
	100
	
	
	
	
	
	

	
	
	30
	12
	25
	37
	50
	
	
	
	
	
	

	
	
	60
	6
	12
	18
	25
	
	
	
	
	
	


2.2 MSD for DC_19-n79

For Band 19 with Band n79, the MSD depends on the 5th order harmonic rejection. Parameters used in the harmonic mixing analysis are listed below.

· Antenna isolation: 15dB (larger isolation is assumed due to the big frequency separation)
· Front end loss: 4dB

· Diplexer isolation: 20dB



· Band 19 DUP Rx filter rejection at n79: 70dB

· PCB isolation: 75dB

· RFIC 5th order harmonic rejection: 20 dB
Table 2.2-1 provides the calculation of the Tx power at LNA input for both main and diversity path respectively. 

Table 2.2-1 MSD calculation
	Direct Signal Path

	Parameter
	Main
	Diversity
	 

	Tx power at antenna port
	23
	13
	dBm

	Tx power at diplexer output
	8
	-2
	dBm

	Tx power at LNA input
	-67
	-82
	dBm

	PCB Coupling Path

	Parameter
	Main
	Diversity
	 

	Tx power at HB PA output
	27
	27
	dBm

	Tx power at LNA input
	-48
	-48
	dBm

	Combined

	Tx power at LNA input
	-47.9
	-48
	dBm

	Tx power after Rx mixing (referred to antenna)
	-63.9
	-64
	dBm

	MSD after uncorrelated MRC (5-MHz carrier)
	34.5
	dB


Table 2.2-2 is the MSD values for DC_19-n79.

Table 2.2-2 MSD due to harmonic mixing for DC_19-n79
	MSD due to harmonic mixing exception for the DL band

	UL band
	DL band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	
	
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB

	n79
	19
	34.5
	31.5
	29.7
	28.5
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	NOTE 1:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (higher) band for which the mixing product due to harmonic of victim (lower) band LO with leakage of aggressor (higher) band is within the downlink transmission bandwidth of a victim (lower) band.
NOTE 2:
The requirements should be verified for DL EARFCN of the victim (lower) band (superscript LB) such that 
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Uplink configuration in Table shall be considered for the harmonic mixing test for DC_19-n79. The purpose is to verify the REFSENS degradation of the low band, therefore, there is no need to configure all the CBWs for the NR band. For larger SCS for the NR band, the RB allocation should be as close as the bandwidth for15kHz SCS. 

Table 2.2-3 Uplink configuration for the high band (exceptions) for NR
	NR Band / Channel bandwidth of the high band / NRB 

	LTE-NR DC band combination
	UL band
	SCS
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	DC_19-n79
	n79
	15
	25
	50
	75
	100
	
	
	
	
	
	

	
	
	30
	12
	25
	37
	50
	
	
	
	
	
	

	
	
	60
	6
	12
	18
	25
	
	
	
	
	
	


3 Conclusion

MSD values due to harmonic mixing for LTE NR DC band combinations DC_28-n77 and DC_19-n79 are analyzed in this contribution. 
Proposal It is proposed to specify the MSD values for DC_28-n77 and DC_19-n79 due to harmonic mixing in Table Table 2.1-2 and Table 2.2-2 and corresponding uplink configurations. 
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