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1	Background
[bookmark: _Hlk149936446]In RAN4#109, a triple beat analysis was provided in a TP for CA_n1-n102 with CA_n1-n102B/C UL configuration in [2], in which it was found that although the analysis was correct, it could have been omitted based on band group criteria. Separately, it was observed that the table contained some triple beat products that are not necessary to analyze since their interference range is already covered by the IMD3 products checked within the two UL band with 1CC in each band analysis. 

[bookmark: _Hlk158384364]These aspects are correctly captured in the SimBC TR [1] from multiple inputs made across 2023 [4-7], however, in this contribution we provide an update of the triple beat table for analysis that is simplified and only contains the triple beat products of interest to be used for Release 19 TPs. This proposal is part of package to enhance the block approval process in view of Release 19 as described in [3].
2 Discussion
2.1 Current agreements
Triple beat analysis is required when a two or three band DL combination is associated with a two UL band 3CC UL configuration like CA_nXXA-nYYB/C. Current agreements on triple beat analysis are reflected in [1] in section 6.5.3 and the IMD orders table is copied in Table 1 below. There are additional guidelines in [1] related to products that do not require analysis as they are already covered. This is also copied below Table 1.

Table 1: Triple beat IMD products
	CC location
	fU1L
	fU2L
	fU3L
	fU1H
	
	CBW

	Frequency
	-
	-
	-
	-
	
	.

	CC location
	fSCCL
	fSCCH
	fU2H
	fU3H
	
	Min ch. separation

	Frequency
	-
	-
	-
	-
	
	-

	1st order TB
	IfU3L -fU1L- fSCCL|
	IfU2L -fU1L + fSCCL|
	IfU2L -fU1L- fSCCH|
	IfU3L -fU1L + fSCCH|
	
	Max ch. separation

	Ranges
	-
	-
	-
	-
	
	-

	[bookmark: _Hlk158217532]1st order TB
	IfU2L+fU1L-fSCCH|
	IfU1H+fU2H-fSCCL|
	IfU2L +fU1L+fSCCL|
	IfU1H +fU2H+fSCCH|
	
	

	Ranges
	-
	-
	-
	-
	
	



For two-band inter-band CA or DC combinations, the precondition is that:
–	The 2 UL bands are part of the same band group or belong to adjacent band groups as defined in Table 6.5.3-2. 
For three-band inter-band CA or DC combinations and triple beat in third band, the precondition is that:
–	The 3rd DL band belongs to the same band group or belongs to a band group which is adjacent to either one of the UL bands, where band groups are defined in Table 6.5.3-2.
For the case when the victim band may be affected by a 1st order triple-beat product, proponents should systematically check if the downlink band may be affected by dual uplink IMD3 interference. If the test point is missing, a dual UL IMD3 MSD test point should be specified. 
If the triple beat frequency is composed of the frequency sum of the 2 discrete RBs in the contiguous UL CA, there is no need to specify the TB test configuration as the requirement can already be verified by the fallback 2UL IMD3. The generic guidelines can be found in clause 7.4 for type 3 UL configurations.
Table 2: Band group definition for adjacent band-group criterion
	FR1 band group range

	Name
	FR1-1 (LB)
	FR1-2 (MB)
	FR1-3 (HB)
	FR1-4 (VHB)
	FR1-5 (UHB)

	Range (MHz)
	600-1000
	1400-2200
	2300-2700
	3300-5000
	5150-7125

	Duplex mode
	Mostly FDD
	Mostly FDD
	FDD and TDD
	TDD only
	TDD only





Observations:
· The last column in the Table 1 is associated with the instantaneous transmission bandwidth of the UL band with intra-band contiguous ULCA and to better align with the intra-band ULCA IMD table, similar terminology could be used
· The minimum between the UL band bandwidth and the maximum aggregated bandwidth of the BCS for contiguous intra-band ULCA
· It should be noted that some regional bandwidth restrictions may apply when justified by the uniqueness of the inter-band combination.
· Minimum channel separation is in fact the minimum instantaneous UL BW: This is the inter CC guard band for contiguous ULCA and for the calculation can be considered as zero Hz
· Most of the IMD products can be expressed in a simpler way based on the UL bands bandwidth and the instantaneous UL BW.
· The products with (fUx+fUy) terms are already covered by the 2UL band with 1CC/band case and can be removed
· The band group criteria is not visible in the calculation table.

In this contribution we discuss the different IMD products and make simplification proposals.
2.2 Simplification of the equations for IMD products
The triple beat interference of the intra-band ULCA part of an UL configuration with the UL of a second FDD or simultaneous TX band is a new source of MSD and can affect multiple bands due to the wide bandwidth of intra-band ULCA instantaneous transmit bandwidth as discussed above.

To better align with the intra-band ULCA related IMD calculations, we can reuse the terminology for the maximum instantaneous UL bandwidth which will be noted 2CCBW in the table:
· Lowest edge of the ULCA band: fULCAlow
· Upper edge of the ULCA band: fULCAhigh
· Lowest edge of the other UL band: fULlow
· Upper edge of the other UL band: fULhigh
· Maximum instantaneous UL bandwidth: MaxULCABW = Max2CCBW = Min(maximum aggregated bandwidth,fULCAhigh- fULCAlow) for contiguous ULCA
· Minimum instantaneous UL bandwidth: MinULCABW = Min2CCBW = 0 for contiguous ULCA.

First, the following triple beat products can be removed as they are already covered by the 2 band UL/1CC per band IMD3 analysis:
· |fU2L+fU1L-fSCCH|: This is covered by the IMD3 term 2*fULCAlow-fULhigh in the 2 band UL IMD table.
· |fU1H+fU2H-fSCCL|: This is covered by the IMD3 term 2*fULCAhigh-fULlow in the 2 band UL IMD table.
· |fU2L+fU1L+fSCCL|: This is covered by the IMD3 term 2*fULCAlow+fULlow in the 2 band UL IMD table.
· |fU1H+fU2H+fSCCH|: This is covered by the IMD3 term 2*fULCAhigh+fULhigh in the 2 band UL IMD table.

The remaining terms can be simplified as follows:
· |fU3L -fU1L- fSCCL| = fULlow-Max2CCBW
· |fU2L -fU1L + fSCCL| = fULlow-Min2CCBW = fULlow for contiguous ULCA
· |fU2L -fU1L- fSCCH| = fULhigh-Min2CCBW = fULhigh for contiguous ULCA
· |fU3L -fU1L + fSCCH| = fULhigh+Max2CCBW

When considering that the minimum or maximum intra-band ULCA instantaneous bandwidth can be associated to the other UL band allocation positioned at the lowest or highest edge of the band, the triple beat range is fULlow-max2CCBW to fULhigh+max2CCBW.

The graphs in Figure 1 show the different interference products for different cases:
· At the top, the overall range of the four IMD3 products of one CC in each band as calculated for the 2UL band IMD
· In the middle, the range of the four first order triple beat (IMD3 like) products when the maximum instantaneous bandwidth is transmitted in the ULCA band. The separation here is equal to the entire band and noted Δ.
· At the bottom the range of the four triple beat products when the minimum instantaneous bandwidth is transmitted in the ULCA band: In this case it can be close to 0Hz as one allocation can be at the top of the lower channel while the other is at the bottom of the adjacent channel. 
· There are two worst cases: 
· when the lower CC uses the lowest channel (FCA12l in the graph) and is at the lower edge of the band.
· when the higher CC uses the lowest channel (FCA12h in the graph) and it at the higher edge of the band.

Observations:
· As already discussed, and captured in [1], the triple beat products using the sum of the two frequencies sitting in the ULCA band fall within the related two UL band 1CC/band IMD3 products and can be ignored.
· The two other products fall at proximity of the single CC UL band and overlap with each other within the single CC UL band. Given that products within the UL bands are not of interest for coexistence, we can just keep the following ranges:
· fULlow-Max2CCBW to fULlow
· fULhigh to fULhigh+Max2CCBW
· It should be noted that although non-contiguous ULCA is not supported for a two UL band combination as it would mean 3 separate UL clusters which is not a supported configuration, the equations and behavior would be the same than for contiguous ULCA simply extending the maximum instantaneous UL bandwidth to the separation bandwidth class (600MHz is the maximum separation bandwidth class) if not limited by the band bandwidth itself.

[image: ]
Figure 1: 2UL-1CC/band IMD3 products (top), 2UL-3CC max2CCBW (middle)/min2CCBW (bottom)

With all of the above simplifications, the table format can be revisited and simplified for the products and adding notes to guide the analysis.

The same table can be used for two and three DL bands as the only difference is:
· F_DL is the FDD DL of the same band used for F_UL (the band of the two bands not supporting CA) for the two DL bands case.
· F_DL is the DL band of the third non-UL band for the three DL bands case.

Proposal on updated triple beat analysis table:
· The table is used for triple beat analysis for both two and three band DL TPs with only the DL band frequencies changed to the third band (non-UL band)
· The associated annex for the band group criteria is also added to either:
· The related two or three DL band TP template (as reference outside the TP portion) and the three DL band TR template (this is our preference as the band group definition can be used for other cases)
· Alternatively, the band group definition is given directly in the Note section.

Table 2: Triple beat IMD analysis of CA_nXA-nYC UL
	Band / CA1
	nX
	CA_nYC

	Frequency limit
	fx_low
	fx_high
	fy_low / min
	fy_high / max

	F_UL (MHz)3
	
	
	
	

	F_DL (MHz)3
	
	
	
	

	2CCBW (MHz)2
	N/A
	N/A
	
	

	IMD3 products
	fx_low-max2CCBW
	fx_low
	fx_high
	fx_high+max2CCBW

	IMD3 (MHz)
	
	
	
	

	Analysis
	

	Note 1: If the two bands are not part of the same or adjacent band groups as defined in Annex D, the analysis can be ignored.
Note 2: For contiguous intra-band ULCA, the minimum/maximum separation BW is 0MHz / Min(fy_high-fy_low, maximum aggregated BW) respectively.
[Note 3: If the band combination can be uniquely identified to a given region/country, UL or DL frequency range restriction may apply]



Annex X

Before the analysis of potential triple beat issues for two or three down-link bands band combinations, a band-group criterion as defined in Table 1 can be applied:
· In a two down-link band combination, if the two bands are not part of the same or adjacent band group, the triple beat analysis is not needed.
· In a three down-link band combination, if the third band is not part of the same or adjacent band group as one of the UL band, the triple beat analysis is not needed.
Table X: Band group definition for same or adjacent band-group criterion
	FR1 band group range

	Name
	FR1-a (LB)
	FR1-b (MB)
	FR1-c (HB)
	FR1-d (VHB)
	FR1-e (UHB)

	Range (MHz)
	600-1000
	1400-2200
	2300-2700
	3300-5000
	5250-7125

	Duplex mode
	Mostly FDD
	Mostly FDD
	FDD and TDD
	TDD only
	TDD only



2.5 Some examples
CA_n1A-n102C/CA_n1-n102C DL/UL
Table 3: Triple beat IMD analysis of CA_n1A-n102C UL
	Band / CA1
	n1
	CA_n102C

	Frequency limit
	fx_low
	fx_high
	fy_low / min
	fy_high / max

	F_UL (MHz)
	1920
	1980
	5945
	6425

	F_DL (MHz)
	2110
	2170
	5945
	6425

	2CCBW (MHz)2
	N/A
	N/A
	0
	160

	IMD3 products
	fx_low-max2CCBW
	fx_low
	fx_high
	fx_high+max2CCBW

	IMD3 (MHz)
	1760
	1920
	1980
	2140

	Analysis
	There is a triple beat product of n1 UL with n102C 2CC UL falling in n1 DL. However, n1 and n102 are not part of adjacent band groups and thus triple beat MSD is not required.

	Note 1: If the two bands are not part of the same or adjacent band groups as defined in Annex D, the analysis can be ignored.
Note 2: For contiguous intra-band ULCA, the minimum/maximum separation BW is 0MHz / Min(fy_high-fy_low, maximum aggregated BW) respectively.
[Note 3: If the band combination can be uniquely identified to a given region/country, UL or DL frequency range restriction may apply]



CA_n1A-n41C/CA_n1-n41C DL/UL
Table 4: Triple beat IMD analysis of CA_n1A-nYC
	Band / CA1
	n1
	CA_n41C

	Frequency limit
	fx_low
	fx_high
	fy_low / min
	fy_high / max

	F_UL (MHz)
	1920
	1980
	2496
	2690

	F_DL (MHz)
	2110
	2170
	2496
	2690

	2CCBW (MHz)2
	N/A
	N/A
	0
	190

	IMD3 products
	fx_low-max2CCBW
	fx_low
	fx_high
	fx_high+max2CCBW

	IMD3 (MHz)
	1730
	1920
	1980
	2170

	Analysis
	There is a triple beat product of n1 UL with n41C 2CC UL falling in n1 DL. As band n41 and n1 are part of adjacent band groups, the triple beat MSD should be analysed.

	Note 1: If the two bands are not part of the same or adjacent band groups as defined in Annex D, the analysis can be ignored.
Note 2: For contiguous intra-band ULCA, the minimum/maximum separation BW is 0MHz / Min(fy_high-fy_low, maximum aggregated BW) respectively.
[Note 3: If the band combination can be uniquely identified to a given region/country, UL or DL frequency range restriction may apply]



CA_n1A-n3A-n41C/CA_n1-n41C DL/UL
Table 5: Triple beat IMD analysis of CA_nXA-nYC
	Band / CA1
	n1 UL / n3 DL
	CA_n41C

	Frequency limit
	fx_low / fz_low
	fx_high / fz_high
	fy_low / min
	fy_high / max

	F_UL (MHz)
	1920
	1980
	2496
	2690

	F_DL (MHz)
	1805
	1880
	2496
	2690

	2CCBW (MHz)2
	N/A
	N/A
	0
	190

	IMD3 products
	fx_low-max2CCBW
	fx_low
	fx_high
	fx_high+max2CCBW

	IMD3 (MHz)
	1730
	1920
	1980
	2170

	Analysis
	There is a triple beat product of n1 UL with n41C 2CC UL falling in n3 DL. As band n3 is part of the same band group than n1 and part of adjacent band group of n41, the triple beat MSD should be analysed.

	Note 1: If the two bands are not part of the same or adjacent band groups as defined in Annex D, the analysis can be ignored.
Note 2: For contiguous intra-band ULCA, the minimum/maximum separation BW is 0MHz / Min(fy_high-fy_low, maximum aggregated BW) respectively.
[Note 3: If the band combination can be uniquely identified to a given region/country, UL or DL frequency range restriction may apply]



3 Conclusion
In this contribution, we analyzed the different triple products of the intra-band ULCA together with an FDD band as part of a two or three band DL combination and propose the following table and annex for the related coexistence studies.
[bookmark: _Hlk158903369]Proposal on updated triple beat analysis table:
· The table is used for triple beat analysis for both two and three band DL TPs with only the DL band frequencies changed to the third band (non-UL band)
· The associated annex for the band group criteria is also added to either:
· The related two or three DL band TP template (as reference outside the TP portion) and the three DL band TR template (this is our preference as the band group definition can be used for other cases)
· Alternatively, the band group definition is given directly in the Note section.

Table 2: Triple beat IMD analysis of CA_nXA-nYC UL
	Band / CA1
	nX
	CA_nYC

	Frequency limit
	fx_low
	fx_high
	fy_low / min
	fy_high / max

	F_UL (MHz)3
	
	
	
	

	F_DL (MHz)3
	
	
	
	

	2CCBW (MHz)2
	N/A
	N/A
	
	

	IMD3 products
	fx_low-max2CCBW
	fx_low
	fx_high
	fx_high+max2CCBW

	IMD3 (MHz)
	
	
	
	

	Analysis
	

	Note 1: If the two bands are not part of the same or adjacent band groups as defined in Annex D, the analysis can be ignored.
Note 2: For contiguous intra-band ULCA, the minimum/maximum separation BW is 0MHz / Min(fy_high-fy_low, maximum aggregated BW) respectively.
[Note 3: If the band combination can be uniquely identified to a given region/country, UL or DL frequency range restriction may apply]



Annex X

Before the analysis of potential triple beat issues for two or three down-link bands band combinations, a band-group criterion as defined in Table 1 can be applied:
· In a two down-link band combination, if the two bands are not part of the same or adjacent band group, the triple beat analysis is not needed.
· In a three down-link band combination, if the third band is not part of the same or adjacent band group as one of the UL band, the triple beat analysis is not needed.
Table X: Band group definition for same or adjacent band-group criterion
	FR1 band group range

	Name
	FR1-a (LB)
	FR1-b (MB)
	FR1-c (HB)
	FR1-d (VHB)
	FR1-e (UHB)

	Range (MHz)
	600-1000
	1400-2200
	2300-2700
	3300-5000
	5250-7125

	Duplex mode
	Mostly FDD
	Mostly FDD
	FDD and TDD
	TDD only
	TDD only
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