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1 Introduction
Harmonic mixing issue once was discussed for class A2 CA band combinations [1][2]. For LTE NR DC band combinations, it is also found that some combinations have this kind of issue. This contribution provides analysis for harmonic mixing for B3 + (3.3-3.8) GHz.
2 Discussion

In [3], we see that there is a 2nd order harmonic mixing for Band 3 + (3.3-3.8) GHz, and the REFSENS degradation is expected to occur at Band 3 Rx. Similar architecture as that in [2] is used to analyze the MSD for Band 3 + (3.3-3.8) GHz.
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Parameters used in the harmonic mixing analysis are listed below.

· Antenna isolation: 10dB

· Front end loss: 4dB

· Diplexer isolation: 15dB



· Band 3 DUP Rx filter rejection at 3.5GHz: 60dB

· PCB isolation: 70dB

Table 1 provides the calculation of the Tx power at LNA input for both main and diversity path respectively. 
	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
	-42.8
	-43
	dBm


Table 1 Link analysis for harmonic mixing
The Tx power or interference from 3.5GHz band is calculated at the Band 3 LNA input port. The main factor determines the MSD is the harmonic rejection or spur rejection capability of the mixer in the Rx path. Usually the datasheet of a mixer gives the spur rejection capability of 2RF-2LO or 3RF-3LO, which can be used as a reference to evaluate the harmonic mixing issue. 

Table 2 is the spur rejection capability cited from the datasheet for a commercial mixer. Usually, the 2nd harmonic of the input signal is about 30dBc for mixer. In case of Prf=-10dBm, the 2nd harmonic is about -40dBm, which is in the similar level of the Tx power at LNA input in Table 1. 
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Table 2 Spur rejection of a commercial mixer
Mixing with 2LO, the spur rejection is about 66dBc. Table 3 is the MSD calculated based on the mixer spur rejection capability shown in Table 2.
	Tx power at LNA input
	-42.8
	-43
	dBm

	Tx power after Rx mixing (referred to antenna)
	-104.8
	-105
	dBm

	MSD after uncorrelated MRC (5-MHz carrier)
	0
	dB


Table 3 MSD calculation 
It is noted that spur rejection is implementation dependent. We also noticed that some mixers have lower rejection while others have better capability. Besides the mixer rejection, the LNA can provide additional rejection at 3.5GHz band with appropriate design, which can further improve the MSD.

Generally speaking, we don’t think that harmonic mixing is a big issue for LTE NR DC band combinations, as it can be solved by better RF design and essentially it is an implementation issue. 
3 Conclusion

This contribution provides the analysis of harmonic mixing for Band 3 + C-band. The MSD strongly depends on the spur rejection capability of mixer in the Rx path. With better design and a high spur rejection mixer, harmonic mixing is not a big issue for the REFSENS degradation. 
Proposal: for LTE NR band combination of Band 3 + C-band, no MSD need to be defined for Band 3 Rx due to harmonic mixing issue. 

References
[1] R4-145696, Class A2 CA with low-band receiver harmonic mixing problem, MediaTek
[2] R4-152188, MSD analysis for inter-band CA with lower band Rx harmonic mixing problem, MediaTek
[3] R4-1704759, Co-existence analysis on LTE-NR band combinations, Samsung
































































































































































































3GPP


_1563689737.vsd
PA


27 dBm


Band 3


23 dBm


C-band


LNA


PCB isolation



