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[bookmark: _Toc116995841]Introduction
In RAN4#108-bis Skyworks presented simplification of specification of harmonic mixing in [1]. It presents arguments why hardware implementation techniques have different behavior that impacts the resilience of harmonic interference, but at the end RAN4 is in need of generic rules across any and all architectures that support the radio system, so a common ruleset for band analysis in band combinations is needed. 
Rules for Harmonic mixing
We start out at UL1/DL2 where there seems to be defined a rule for the sake of having a rule. The proposals are recaptured below.
“Proposal: Even harmonic mixing MSD should be investigated and specified if necessary, for:”
· UL1/DL2 for all FR1 DL bands and all power classes
· UL1/DL4 for all FR1 DL bands for PC2 and PC1.5 and for DL bands >1GHz for PC3
· UL3/DL2 for all FR1 DL bands >3GHz for PC3 and >1GHz for PC2 and PC1.5
· UL3/DL4 for all FR1 DL bands >5GHz for PC5 and PC3 and >3GHz for PC2 and PC1.5.

“Proposal on correction of current 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
	Case specified

	n3
	PC3
	n26
	<1GHz
	UL1/DL2
	Yes for all power classes

	n46
	PC5
	n7
	>1GHz and <3 GHz
	UL1/DL2
	Yes for all power classes

	n77
	PC3/2/1.5
	n2
	>1GHz and <3 GHz
	UL1/DL2
	Yes for all power classes

	n77
	PC3/2/1.5
	n25
	>1GHz and <3 GHz
	UL1/DL2
	Yes for all power classes 

	n77
	PC2/PC1.5
	n3
	>1GHz and <3 GHz
	UL1/DL2
	Yes for all power classes (PC3 missing?)

	n77
	PC3
	n70
	>1GHz and <3 GHz
	UL1/DL2
	Yes for all power classes

	n78
	PC2
	n3
	>1GHz and <3 GHz
	UL1/DL2
	Yes for all power classes (PC3 missing?)



The two highlighted lines of UL1/DL2 for all power classes and here especially the case of PC3 we find that the first DL band range determines that the MSD is to be captured when DL band range is less than 1GHz (So all “low-bands” in UE front-end terminology). The next line determines the same collision case, but now at a different DL band range, namely above 1GHz and below 3GHz (So all “mid-/high-bands” in UE front-end terminology).
Observation. UL1/DL2 is to be treated with different conditions at 1GHz.
Proposal 1: Agree that the conditions for UL1/DL2 is below 3GHz, because the above and below 1GHz seems irrelevant.
If we follow this proposal and assume UL1/DL2 is indeed relevant on both sides of 1GHz as the case for CA_n3-n26 and CA_n70-n77, then we seem to have missed certain harmonic mixing requirements for existing combinations. Table 1 shows the “low-band” combinations that have been missed, while Table 2 show the “mid-band” combinations that have been missed. Depending on the discussion of proposal 1, we expect that either one or both tables are taken into further consideration of writing correction papers to 38.101-1 basket 2CA.
[bookmark: _Ref149646917]Table 1: Low band combinations, previously following DL<2GHz
	Band combination
	Case
	Reason

	CA_n3-n5
	UL1/DL2
	n=2 of n∙DL+m∙UL, where n+m<6 was omitted when DL<2GHz

	CA_n3-n18
	UL1/DL2
	n=2 of n∙DL+m∙UL, where n+m<6 was omitted when DL<2GHz

	CA_n5-n66
	UL1/DL2
	n=2 of n∙DL+m∙UL, where n+m<6 was omitted when DL<2GHz

	CA_n8-n391
	UL1/DL2
	n=2 of n∙DL+m∙UL, where n+m<6 was omitted when DL<2GHz

	CA_n26-n66
	UL1/DL2
	n=2 of n∙DL+m∙UL, where n+m<6 was omitted when DL<2GHz



[bookmark: _Ref149646949]Table 2: Mid band combinations also applicable to DL<2GHz
	Band combination
	Case
	Reason

	CA_n3-n771
	UL1/DL2
	n=2 of n∙DL+m∙UL, where n+m<6 was omitted when DL<2GHz

	CA_n3-n781
	UL1/DL2
	n=2 of n∙DL+m∙UL, where n+m<6 was omitted when DL<2GHz



Proposal 2: Add missed cases of UL1/DL2 in Table 1 and Table 2
Third rule on UL3/DL2 is also surrounded with issues. In [2] MediaTek presented corrections to exactly the used case of CA_n40-n78 removing the MSD, later used by Huawei in [3] on CA_n7-n78, so the rule needs common agreement whether it applies or not.
	UL band
	Power Class
	DL band
	DL band range
	UL/DL collision
	Case specified

	n40
	PC3
	n77/78
	>3GHz
	UL3/DL2
	Yes for all power classes

	n41
	PC3
	n77/78
	>3GHz
	UL3/DL2
	Yes for all power classes



Besides the missed case of CA_n41-n77 from [1] the following cases of Table 3 further identifies cases for discussion.
[bookmark: _Ref149653892]Table 3:Cases of UL3/DL2 with DL >3GHz 
	Band combination
	Case
	Reason

	CA_n7-n77 (n778,9)
	UL3/DL2
	Skipped. PC3 (n77 >3GHz). Applicable for PC3

	CA_n7-n78 (n788,9)
	UL3/DL2
	Removed in [3]. Applicable for PC3

	CA_n30-n77 (n778,9)
	UL3/DL2
	Skipped. Applicable for PC3

	CA_n46-n48
	UL3/DL2
	Skipped. Applicable for PC3

	CA_n46-n77
	UL3/DL2
	Skipped. Applicable for PC3

	CA_n46-n78
	UL3/DL2
	Skipped. Applicable for PC3



As a note on CA_n46 combinations it seems the PCell in licensed band does not prohibit ULCA combinations, so n46 is also uplink.
Proposal 3: Add missed cases of UL3/DL2 in Table 3, once agreement has been made if the rule for UL3/DL2 of [1] is agreeable.
The fourth rule on UL3/DL4 seems to also require a closer look at the counterpart UL4/DL3, for which also the case of CA_n39-n41 is valid and captured in the harmonic mixing table for PC3. What is special here is that there’s no longer the compliance of n+m<6 for harmonic mixing.
	UL band
	Power Class
	DL band
	DL band range
	UL/DL collision
	Case specified

	n41
	PC3
	n39
	>1GHz and <3 GHz
	UL3/DL4
	No for all power classes



In 38.101-1 there is two combinations that has shown UL4/DL3 issues and there is no clear indication, when this is an issue. An agreement is needed when to include UL4/DL3, and it is not found in the notes of [1] related to the analysis checks as shown below:


	Note 1: All frequencies are in MHz

	Note 2: Region or country based frequency restriction can be applied if the band combination is identifiable to a single region or country

	Note 3: UL1/DL2 harmonic mixing collisions should be investigated for DL bands > 3GHz, UL3/DL2 may be considered for DL bands >5GHz

	Note 4: UL1or2or3/DL3 harmonic mixing collisions should be investigated

	Note 5: UL1/DL4 harmonic mixing collisions should be investigated for DL bands > 1GHz and UL2or3/DL4 for bands > 5GHz

	Note 6: UL1or2/DL5 harmonic mixing collisions should be investigated

	Note 7: In the case were ACLR3 range does not overlap with the other band DL range, there could still be a residual MSD due to transmitter noise floor at low filter rejection

	Note 8: IMD section is needed for 2UL case only, only the lowest even and odd order overlapping a DL band should be specified



Proposal 4: Agree when UL4/DL3 is to be included for harmonic mixing MSD specification.
Supporting this paper Nokia is submitting a draftCR on the missed cases of harmonic mixing, which again points in the direction of the importance to update TR 38.846
· CA_n5-n79 (UL1/DL5 uses CA_n8-n79 – Note 6 of [1])
· CA_n7-n77 (UL2/DL3 uses CA_n41-n77 – Note 4 of [1])
· CA_n12-n48 (UL1/DL5 uses CA_n12-n77 Note 6 of [1])
· [bookmark: _Hlk149659505]CA_n28-n77 (UL1/DL5 uses CA_n14-n77 and is also defined for PC2 and PC1.5 – Note 6 of [1])
· CA_n28-n78 (UL1/DL5 uses CA_n14-n77 and is also defined for PC2– Note 6 of [1])
Capturing the Harmonic Mixing Rules in TR 38.846
To capture the rules on harmonic mixing a TP is submitted for changes to TR38.846 including the ruleset from [1] and as a living document in RAN4#109 include the agreements of the remaining harmonic mixing cases.
Summarizing the rules on harmonic mixing it is possible to distinguish the analysis between the power classes. In Table 4 the PC3 is shown with notes on combinations in need of additional information. 
· Note 1: Also applicable for PC5
· Note 2: Depending on outcome of Proposal 4
· Note 3: Shown in [1], but no cases found in 38.101-1
To progress the discussion RAN4 needs to discuss the Notes above and their applicability to the rules for harmonic mixing. Especially Note 2 and Note 3 which are now a TBD in Table 4 and Table 5 below. 
Proposal 5: RAN4 shall discuss and resolve the two TBDs in Table 4 and Table 5.
[bookmark: _Ref149724279]Table 4: PC3 harmonic mixing rules of analysis applicability.
	PC3 of UL band

	 
	UL1
	UL2
	UL3
	UL4

	DL2
	All
	 
	DL > 3GHz
	 

	DL3
	All
	All
	 
	TBD2

	DL4
	DL > 1GHz
	 
	DL > 5GHz1
	 

	DL5
	All
	TBD3
	 
	 

	Note 1: Also applicable for PC5
Note 2: Depending on outcome of Proposal 4
Note 3: Shown in [1], but no cases found in 38.101-1



In Table 5 the other power classes are shown with related conditions.
[bookmark: _Ref149724402]Table 5: PC2 and PC1.5 harmonic mixing rules of analysis applicability.
	PC2 and PC1.5 of UL band

	 
	UL1
	UL2
	UL3
	UL4

	DL2
	All
	 
	All
	 

	DL3
	All
	All
	 
	TBD2

	DL4
	All
	 
	DL > 3GHz
	 

	DL5
	All
	TBD3
	 
	 

	Note 1: Also applicable for PC5
Note 2: Depending on outcome of Proposal 4
Note 3: Shown in [1], but no cases found in 38.101-1



Proposal 6: Agree to include Table 4 and Table 5 in TR38.846
The accompanying TP corresponding to proposal 6 is submitted as [4]
[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]Observation. UL1/DL2 is to be treated with different conditions at 1GHz.
Proposal 1: Agree that the conditions for UL1/DL2 is below 3GHz, because the above and below 1GHz seems irrelevant.
Proposal 2: Add missed cases of UL1/DL2 in Table 1 and Table 2.
Table 1: Low band combinations, previously following DL<2GHz
	Band combination
	Case
	Reason

	CA_n3-n5
	UL1/DL2
	n=2 of n∙DL+m∙UL, where n+m<6 was omitted when DL<2GHz

	CA_n3-n18
	UL1/DL2
	n=2 of n∙DL+m∙UL, where n+m<6 was omitted when DL<2GHz

	CA_n5-n66
	UL1/DL2
	n=2 of n∙DL+m∙UL, where n+m<6 was omitted when DL<2GHz

	CA_n8-n391
	UL1/DL2
	n=2 of n∙DL+m∙UL, where n+m<6 was omitted when DL<2GHz

	CA_n26-n66
	UL1/DL2
	n=2 of n∙DL+m∙UL, where n+m<6 was omitted when DL<2GHz


Table 2: Mid band combinations also applicable to DL<2GHz
	Band combination
	Case
	Reason

	CA_n3-n771
	UL1/DL2
	n=2 of n∙DL+m∙UL, where n+m<6 was omitted when DL<2GHz

	CA_n3-n781
	UL1/DL2
	n=2 of n∙DL+m∙UL, where n+m<6 was omitted when DL<2GHz


Proposal 3: Add missed cases of UL3/DL2 in Table 3, once agreement has been made if the rule for UL3/DL2 of [1] is agreeable.
Table 3: Cases of UL3/DL2 with DL >3GHz 
	Band combination
	Case
	Reason

	CA_n7-n77 (n778,9)
	UL3/DL2
	Skipped. PC3 (n77 >3GHz). Applicable for PC3

	CA_n7-n78 (n788,9)
	UL3/DL2
	Removed in [3]. Applicable for PC3

	CA_n30-n77 (n778,9)
	UL3/DL2
	Skipped. Applicable for PC3

	CA_n46-n48
	UL3/DL2
	Skipped. Applicable for PC3

	CA_n46-n77
	UL3/DL2
	Skipped. Applicable for PC3

	CA_n46-n78
	UL3/DL2
	Skipped. Applicable for PC3



Proposal 4: Agree when UL4/DL3 is to be included for harmonic mixing MSD specification.
Proposal 5: RAN4 shall discuss and resolve the two TBDs in Table 4 and Table 5.
Proposal 6: Agree to include Table 4 and Table 5 in TR38.846
Table 4: PC3 harmonic mixing rules of analysis applicability.
	PC3 of UL band

	 
	UL1
	UL2
	UL3
	UL4

	DL2
	All
	 
	DL > 3GHz
	 

	DL3
	All
	All
	 
	TBD2

	DL4
	DL > 1GHz
	 
	DL > 5GHz1
	 

	DL5
	All
	TBD3
	 
	 

	Note 1: Also applicable for PC5
Note 2: Depending on outcome of Proposal 4
Note 3: Shown in [1], but no cases found in 38.101-1



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

	 
	UL1
	UL2
	UL3
	UL4

	DL2
	All
	 
	All
	 

	DL3
	All
	All
	 
	TBD2

	DL4
	All
	 
	DL > 3GHz
	 

	DL5
	All
	TBD3
	 
	 

	Note 1: Also applicable for PC5
Note 2: Depending on outcome of Proposal 4
Note 3: Shown in [1], but no cases found in 38.101-1
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