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1. Introduction
In RAN4#109, a TP including framework for applicable RX Mixing cases was agreed [1]. This contribution provides evaluation for the “TBD” cases.
2. Discussion
The WF agreed in [] is the following.
Table 6.5.1-1: PC3 and PC5 harmonic mixing rules of analysis applicability.
	PC3 and PC5 of UL band

	 
	UL1
	UL2
	UL3
	UL4

	DL2
	TBD
	N/A
	DL > 3GHz
	N/A

	DL3
	All
	All
	N/A
	TBD

	DL4
	TBD
	N/A
	DL > [3 or 5]GHz
	N/A

	DL5
	All
	TBD
	N/A
	N/A



Table 6.5.1-2: PC2 and PC1.5 harmonic mixing rules of analysis applicability.
	PC2 and PC1.5 of UL band

	 
	UL1
	UL2
	UL3
	UL4

	DL2
	TBD
	N/A 
	All
	 N/A

	DL3
	All
	All
	 N/A
	TBD

	DL4
	All
	N/A 
	DL > [3]GHz
	 N/A 

	DL5
	All
	TBD
	 N/A
	N/A 



The TBD’s in tables 6.5.1-1 and 6.5.1-2 shall be further evaluated based on companies technical analysis during Rel-18.
Overall, the RX Mixing specifications across LTE, NR CA, and EN-DC are not very consistent. There are several band combinations for which RX Mixing MSD exists for one or two of the specifications but not for the third one. Perhaps root-reason or at least one ot the biggest reasons is that this MSD type is often inadvertently overlooked when specifying band combinations. Then when one combination which should have RX mixing MSD specified goes into the specification, other same kind of combos get specified without MSD as well. Our intent is to have clear rules for which type of band combinations the RX mixing should be evaluated, and for which not by filling in the TBD’s in the tables above.

Please note that we are not proposing any particular MSD level for any of the combinations; instead we are proposing for which combinations the RX mixing MSD should be studied.
We used the following assumptions in our analysis:
Table 1 Assumptions
[image: ]
It would not be meaningful to provide separate analysis for every single RX Mixing case for each band combination type; we did look into different options and found out there would be a total ~24 different kind of band combinations types applicable for different RX Mixing cases (i.e LB-MB, MB-HB, HB-UHB, etc). The assumptions for each of these cases could be a bit different from what we assumed. Again, the point is just to coarsely estimate for which cases band combination specific RX Mixing analysis is needed. The outcome of each band combination specific analysis could be either no MSD is specified, or that MSD is specified.
We used a single value for conductive path attenuation, even it may vary quite a bit depending on the band combination. Same goes with harmonic mixing, the values are chosen in a way that a single value for each NxRX is chosen. Notably, just for the analysis purposes, we assumed same conductive path attenuation for PRX and DRX; that assumption could also vary depending on the band combination in band-combination specific analysis.
We calculated interference per RX path, and compared that into Thermal noise calculated from REFSENS. 
[bookmark: _Ref158918307]Table 3 Analysis results
[image: ]
Table 3 above shows Interference per RX path, compared it with theoretical worse case Thermal noise (-100dBm REFSENS), and suggests for which TBD case RX Mixing analysis should be carried out in band combination specific manner. For the cases where Delta is larger than -10dB, RX mixing analysis is needed.
Notably, even if case DL4/UL3 has “DL [3 or 5]GHz for PC5/PC3 and “DL [3]GHz for PC2/PC1.5, we believe the interference level is so small that RX mixing analysis is not needed.
[bookmark: _Ref158919345]Table 4 PC3 DL2/UL1 analysis example
[image: ]
Table 4 shows one example of the analysis. All analysis are done using the same approach, by changing the DL/UL order and Power class. In case Aggressor UL is nth harmonic, extra 20dB rejection in RX path is added.
To give a bit more perspective, let’s look into the example above. The outcome is that DL2/UL1 RX Mixing should be evaluated for all combinations in PC5/3/2/1.5. There has been discussion on if that would be needed e.g for LB-MB combinations during past meetings. One way to look into it, to achieve no MSD even for PC3, the Harmonic RX Gain would need to be roughly 25dB better than 46dB to go down to about -105dBm Interference per RX path, which is really an aggressive assumption as a minimum requirement. The different mechanisms (PCB, Chip port, Conducted path) are all close to each other, so improving one of them would not help.

3. Conclusion
Analysis on open RX mixing cases was provided, with the following proposals.
Proposal 1: Use the following tables to capture which RX Mixing MSD cases should be analysed in band combination specific manner.
Table 6.5.1-1: PC3 and PC5 harmonic mixing rules of analysis applicability.
	PC3 and PC5 of UL band

	 
	UL1
	UL2
	UL3
	UL4

	DL2
	All
	N/A
	DL > 3GHz
	N/A

	DL3
	All
	All
	N/A
	All

	DL4
	All
	N/A
	DL > [3 or 5]GHz
	N/A

	DL5
	All
	All
	N/A
	N/A



Table 6.5.1-2: PC2 and PC1.5 harmonic mixing rules of analysis applicability.
	PC2 and PC1.5 of UL band

	 
	UL1
	UL2
	UL3
	UL4

	DL2
	All
	N/A 
	All
	 N/A

	DL3
	All
	All
	 N/A
	All

	DL4
	All
	N/A 
	DL > [3]GHz
	 N/A 

	DL5
	All
	All
	 N/A
	N/A 



4. Reference
[1] R4-2321796, “TP to TR 38.846 Addition of Guidelines on Harmonic mixing MSD requirements”, Nokia
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PC3   and PC5   of UL band  

   UL1  UL2  UL3  UL4  

DL2  TBD  N/A  DL > 3GHz  N/A  

DL3  All  All  N/A  TBD  

DL4  TBD  N/A  DL >  [3 or  5 ] GHz  N/A  

DL5  All  TBD  N/A  N/A  

  Table 6.5.1 - 2: PC2 and PC1.5 harmonic mixing rules of analysis applicability.  

PC2 and PC1.5 of UL band  

   UL1  UL2  UL3  UL4  

DL2  TBD  N/A    All    N/A  

DL3  All  All    N/A  TBD  

DL4  All  N/A    DL >  [ 3 ] GHz    N/A   

DL5  All  TBD    N/A  N/A    
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