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1	Background
[bookmark: _Hlk149936446]In RAN4#108b, the even harmonic mixing issue was addressed in [1]. In this contribution, we provide additional background on the aspects of even-harmonic mixing implementations, considerations of dependency versus DL frequency, and UL power classes and present a proposal for cases to be investigated and, if needed, specified.
2 Discussion
2.1 Even-harmonic mixing implementation aspects
Inittially, we provide the current even-harmonic mixing cases specified in 38.101-1 (see Table 1).
Table 1: Specified even-harmonic mixing cases for PC3, PC2 and PC1.5
	UL band
	Power Class
	DL band
	DL band range
	UL/DL collision

	n46
	PC5
	n7
	>2 GHz and <3 GHz
	UL1/DL2

	n3
	PC3
	n26
	<1 GHz
	UL1/DL2

	n77
	PC3
	n70
	>1.5 GHz and <2 GHz
	UL1/DL2

	n77
	PC3/2/1.5
	n2
	>1.5 GHz and <2 GHz
	UL1/DL2

	n77
	PC3/2/1.5
	n25
	>1.5 GHz and <2 GHz
	UL1/DL2

	n77
	PC2/PC1.5
	n3
	>1.5 GHz and <2 GHz
	UL1/DL2

	n78
	PC2
	n3
	>1.5 GHz and <2 GHz
	UL1/DL2

	n7
	PC3
	n71
	<1 GHz
	UL1/ DL4

	n77
	PC3
	n8
	<1 GHz
	UL1/DL4

	n78
	PC2
	n8
	<1 GHz
	UL1/DL4

	n77
	PC2/PC1.5
	n5
	<1 GHz
	UL1/DL4

	n40
	PC3
	n77/78
	>3 GHz
	UL3/DL2

	n41
	PC3
	n77/78
	>3 GHz
	UL3/DL2

	n41
	PC3
	n39
	>1.5 GHz and <2 GHz
	UL3/DL4



Observations:
· Even if the issue raised in RAN4#108, was about UL1/DL4, there are additional even harmonic mixing cases that are specified for PC3 and beyond: 
· UL1/DL2 down to one DL band <1 GHz for PC3, others >1.5 GHz
· UL1/DL4 down to DL band <1 GHz for PC3
· UL3/DL2 for DL band >3 GHz for PC3
· UL3/DL4 down to DL band >1 GHz and <2 GHz
· When the same even-harmonic mixing case is specified for different power classes, the specified MSD values correspond to an interference level raising dB per dB, which is consistent with applicable theory, as harmonic mixing relates to a parasitic mixing gain/loss at harmonics. For example, the CA_n2-n77 MSD value for n2 is 6.7, 9.1 and 11.8dB for PC3, PC2 and PC1.5, respectively.
· Note that some cases are defined for PC5 in the PC3 table as they pertain to NR-U bands
· As compared to LTE, sevaral aspects have changed:
· DL bands now support up to 5GHz for NR and 7.125 GHz for NR-U, while LTE was mostly limited to bands <2.7GHz 
· UL1 now supports up to 7.125GHz (NR-U), while LTE was mostly limited to bands <2.7GHz
· PC2 and PC1.5 inter-band CA are introduced in NR. These did not exist in LTE.
· All of the above aspects contribute to additional issues with even-harmonic mixing for NR.

Therefore, to address which even harmonic mixing MSD should be specified and under which conditions, some implementations aspects should are noted:
· Balanced mixer should cancel the H2 and H4 harmonic response. However, the cancellation level depends on the 180-degree error
· Quadrature mixers should further cancel the H4 harmonic response. However, the cancellation level depends on the 90-degree errors.
· As a result, parasitic harmonic mixing gain increases with LO frequency.
· If the error is dominated by a fixed delay, then the cancellation degrades with an increased mixer LO frequency
· Being a cancellation mechanism, the BB interference level will rise dB per dB with the UL band power class.
· The DL4 harmonic mixing response is lower than the DL2 Harmonic response as there is some filtering benefits and the use of quadrature mixers further improves its performance.

Based on the above analysis, the question is not whether UL1/DL4 MSDs should be specified, but rather for which DL frequency range and power level should the different even-harmonic mixing MSD be specified:
· UL1/DL2 then UL1/DL4 have the strongest response since the interferer can reach PCmax and the UL filter does not attenuate the interferer level, only the DL filter does. Also, the PCB isolation is critical
· UL3/DL2 then UL3/DL4 have much lower response since the interferer is several tens of dB lower than PCmax and the UL filter will attenuate the interferer level on top of the DL filter does. Also, the PCB isolation is less critical.
· As a first approach (empirical) the following rules with simple frequency boundaries could be used:
· UL1/DL2 MSD should be investigated and specified if necessary, for a FR1 DL bands >1.5GHz for PC3 and PC2 and for all FR1 DL bands PC1.5
· UL1/DL4 MSD should be investigated and specified if necessary, for all FR1 DL bands for PC3, PC2 and PC1.5
· UL3/DL2 MSD should be investigated and specified if necessary, for all FR1 DL bands >3GHz for PC3 and >2GHz for PC2 and PC1.5
· UL3/DL4 MSD should be investigated and specified if necessary, for all FR1 DL bands >1.5GHz for PC5 and PC3 and >1GHz for PC2 and PC1.5
· Depending on the available filter and PCB isolations, the MSD level is calculated, and if evaluated above 0.5dB, it will be specified.

Proposal: Even-harmonic mixing MSD should be investigated and specified if necessary, for:
· UL1/DL2 for a FR1 DL bands >1.5GHz for PC5/3/2 and for all FR1 DL bands for PC1.5
· UL1/DL4 for all FR1 DL bands for all power classes
· UL3/DL2 for all FR1 DL bands >3GHz for PC5/3 and >2GHz for PC2/1.5
· UL3/DL4 for all FR1 DL bands >1.5GHz for PC5/3 and >1GHz for PC2/1.5.

Based on the above proposal, Table 1 can be re-assessed.
Proposal on correction of current even-harmonic mixing cases in 38.101-1 in the last column of the table below: 
	UL band
	Power Class
	DL band
	DL band range
	UL/DL collision
	outcome

	n46
	PC5
	n7
	>2 GHz and <3 GHz
	UL1/DL2
	Specification kept

	n3
	PC3
	n26
	<1 GHz
	UL1/DL2
	MSD can be removed for PC3

	n77
	PC3
	n70
	>1.5 GHz and <2 GHz
	UL1/DL2
	Specification kept

	n77
	PC3/2/1.5
	n2
	>1.5 GHz and <2 GHz
	UL1/DL2
	Specification kept

	n77
	PC3/2/1.5
	n25
	>1.5 GHz and <2 GHz
	UL1/DL2
	Specification kept

	n77
	PC2/PC1.5
	n3
	>1.5 GHz and <2 GHz
	UL1/DL2
	Specification kept

	n78
	PC2
	n3
	>1.5 GHz and <2 GHz
	UL1/DL2
	Specification kept

	n7
	PC3
	n71
	<1 GHz
	UL1/ DL4
	Specification kept

	n77
	PC3
	n8
	<1 GHz
	UL1/DL4
	Specification kept

	n78
	PC2
	n8
	<1 GHz
	UL1/DL4
	Specification kept

	n77
	PC2/PC1.5
	n5
	<1 GHz
	UL1/DL4
	Specification kept

	n40
	PC3
	n77/78
	>3 GHz
	UL3/DL2
	Specification kept

	n41
	PC3
	n77/78
	>3 GHz
	UL3/DL2
	Specification kept

	n41
	PC3
	n39
	>1.5 GHz and <2 GHz
	UL3/DL4
	Specification kept



3 Conclusion
In this contribution, we address the issue of the need to specify UL1/DL4 harmonic mixing MSD and present the following proposal for even-harmonic mixing cases in general.
Proposal: Even-harmonic mixing MSD should be investigated and specified if necessary, for:
· UL1/DL2 for a FR1 DL bands >1.5GHz for PC5/3/2 and for all FR1 DL bands for PC1.5
· UL1/DL4 for all FR1 DL bands for all power classes
· UL3/DL2 for all FR1 DL bands >3GHz for PC5/3 and >2GHz for PC2/1.5
· UL3/DL4 for all FR1 DL bands >1.5GHz for PC5/3 and >1GHz for PC2/1.5.

Proposal on correction of current even-harmonic mixing cases in 38.101-1 in the last column of the table below: 
	UL band
	Power Class
	DL band
	DL band range
	UL/DL collision
	outcome

	n46
	PC5
	n7
	>2 GHz and <3 GHz
	UL1/DL2
	Specification kept

	n3
	PC3
	n26
	<1 GHz
	UL1/DL2
	MSD can be removed for PC3

	n77
	PC3
	n70
	>1.5 GHz and <2 GHz
	UL1/DL2
	Specification kept

	n77
	PC3/2/1.5
	n2
	>1.5 GHz and <2 GHz
	UL1/DL2
	Specification kept

	n77
	PC3/2/1.5
	n25
	>1.5 GHz and <2 GHz
	UL1/DL2
	Specification kept

	n77
	PC2/PC1.5
	n3
	>1.5 GHz and <2 GHz
	UL1/DL2
	Specification kept

	n78
	PC2
	n3
	>1.5 GHz and <2 GHz
	UL1/DL2
	Specification kept

	n7
	PC3
	n71
	<1 GHz
	UL1/ DL4
	Specification kept

	n77
	PC3
	n8
	<1 GHz
	UL1/DL4
	Specification kept

	n78
	PC2
	n8
	<1 GHz
	UL1/DL4
	Specification kept

	n77
	PC2/PC1.5
	n5
	<1 GHz
	UL1/DL4
	Specification kept

	n40
	PC3
	n77/78
	>3 GHz
	UL3/DL2
	Specification kept

	n41
	PC3
	n77/78
	>3 GHz
	UL3/DL2
	Specification kept

	n41
	PC3
	n39
	>1.5 GHz and <2 GHz
	UL3/DL4
	Specification kept
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