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1 Introduction
In last RAN4 meeting, the following agreements were reached on harmonic mixing:
· It is agreed that no MSD need to be defined for LTE NR band combinations due to even order harmonic mixing unless specific issues are found
·  Study MSD caused by odd order harmonic mixing case by case for LTE NR band combinations and make a conclusion on this.
This contribution provides further analysis for LTE NR band combinations with 3.5GHz band. 
2 Discussion

The latest LTE NR band combinations with 3.5GHz band can be found in [2]. 
Table 1 the orders of harmonic mixing for these band combinations.

Table 1 Harmonic mixing for LTE NR band combinations with 3.5GHz band
	LTE band
fx
	NR Band

fy
	Order of harmonic mixing

	B1
	3.3-3.8 GHz
(Band n78)
	-

	B3
	
	2nd

	B5
	
	4th

	B7
	
	-

	B8
	
	4th

	B19
	
	4th

	B20
	
	-

	B21
	
	-

	B26
	
	4th

	B28
	
	5th

	B38
	
	-

	B39
	
	2nd

	B41
	
	-

	B42
	
	1st

	B1
	3.3-4.2 GHz

(Band n77)
	-

	B3
	
	2nd

	B8
	
	4th

	B19
	
	4th

	B21
	
	-

	B26
	
	4th

	B41
	
	-

	B42
	
	1st


Band combinations with harmonic mixing issue
For the band combinations with NR Band n77 (3.3-4.2GHz), Band 3/8/19/26 and Band n77 have even order harmonic mixing issues, while Band 42 and Band n77 have the fundamental harmonic mixing issue. 
For the band combinations with NR Band n78 (3.3-3.8GHz), Band 3/5/8/19/26/39 and Band n78 have even order harmonic mixing issues, while Band 28 and Band n78 have 5th order harmonic mixing issue, Band 42 and Band n78 have the fundamental harmonic mixing issue. 

Band combinations with even order harmonic mixing issue
For those band combinations with even order harmonic mixing issue, the lowest order is 2nd, i.e. Band 3 and Band 39 with Band n77/78. The frequency range of Band 3 and Band 39 is similar, as analyzed in [3], the MSD for Band 3 and Band n78 caused by harmonic mixing is negligible. The same conclusion is also valid for Band 39 and Band n78. For band combinations with 4th order harmonic mixing, as the spur rejection increases with the mixing orders, it is expected that no MSD will exist for these band combinations. 
Proposal 1: For band combinations of Band 3/8/19/26 with Band n77 and Band 3/5/8/19/26/39 with Band n78, no MSD caused by harmonic mixing need to be defined.

Band combinations with fundamental harmonic mixing issue

It is noted that Band 42 and Band n77/78 have fundamental harmonic mixing issue. As analyzed in [4], for a band combination with a 3rd harmonic mixing, the MSD under 20dB 3rd order harmonic rejection could be as large as 30dB. The RFIC has no harmonic rejection capability for the fundamental leaked signal. Therefore, if simultaneous Tx/Rx is supported, the MSD could be too large to be acceptable. There could be two options to solve or mitigate the MSD issue:
Op1: Synchronized between Band 42 and Band n78 and use the same TDD configuration

Op2: To avoid using the spectrum in Band 42 hit directly by the mixing harmonic product. However, it is expected that large channel BW will be used in Band n78, this option may not be valid.

Proposal 2: For Band 42 and Band n77/n78, simultaneous Tx/Rx shall not be supported. 
Band combinations with odd order harmonic mixing issue

For Band 28 with Band n78, 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: X dB
The 5th order harmonic rejection needs inputs from vendors and other parameters shall be aligned in the group for the MSD evaluation. 

3 Conclusion

Harmonic mixing orders for all band combinations with Band n77/n78 (3.5GHz band) are analyzed in this contribution. For those combinations with 2nd and 4th order harmonic mixing, no MSD needs to be defined. For band 42, as the fundermantal harmonic will cause serious MSD, it is proposed to consider some application limination on this band combination, i.e. synchronization is needed for these two bands. MSD with 5th order harmonic mixing for Band 28 with Band n78 needs fruther study by inputs from interested companies. 
Proposal 1: For band combinations of Band 3/8/19/26 with Band n77 and Band 3/5/8/19/26/39 with Band n78, no MSD caused by harmonic mixing need to be defined.

Proposal 2: For Band 42 and Band n77/n78, simultaneous Tx/Rx shall not be supported.
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