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1	Background
[bookmark: _Hlk149936446]In RAN4#108bis and 109, a new scenario of intra-band ULCA IMDs related MSD was analysed, and guidelines agreed for an intra-band UL CA FDD band in a two DL band combination [2,4]. This case involves a wider IMD range than the one previously captured for intra-band ULCA for a TDD band in [1] and TP [5]. 

[bookmark: _Hlk158384364]In this contribution, we revisit the different cases, IMD orders. and IMD indexes to provide an updated table for coexistence studies of two band DL and 1 band UL/2CC combinations for use in Release 19. We also provide simplified expressions for the calculations of the relevant IMD products. 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
Current agreements are reflected in [1] in section 6.5.2 and the IMD orders table is copied in Table 1 below. This analysis is required when a two band DL combination is associated with either:
· A one UL band 2CC UL configuration like CA_nXXB/C/(2A)
· A two UL band 3CC UL configuration like CA_nXXA-nYYB/C.

Table 1: Co-existence studies for uplink configurations including intra-band UL CA
	Configuration
	Channel
BW
	Minimum
Channel
separation
	[bookmark: _Hlk135089356]Maximum
Instantaneous UL BW
	Minimum
frequency
	Maximum
frequency
	

	Data
	
	
	
	
	
	-

	CC location
	fU1L
	fU2L
	fU3L
	fU1H
	fU2H
	fU3H

	Frequency
	
	
	
	
	
	

	2nd
	I fU1L-fU2L I
	I fU1L-fU3L I
	
	
	fU1L + fU2L
	fU1H+fU2H

	Interference ranges
	
	
	
	
	
	

	3rd
	2*fU1L-fU3L
	2*fU1H-fU3H
	
	
	2*fU1L + fU2L
	2*fU1H + fU2H

	Interference ranges
	
	
	
	
	
	

	4th
	I 2*fU1L - 2*fU2L I
	I 2*fU1H - 2*fU3H I
	3*fU1L - fU3L
	3*fU1H - fU3H
	3*fU1L + fU2L
	3*fU1H + fU2H

	Interference ranges
	
	
	
	
	
	

	5th
	I 3*fU1L-2*fU3L I
	I 3*fU1H-2*fU3H I
	4*fU1L-fU3L
	4*fU1H-fU3H
	4*fU1L+fU2L
	4*fU1H+fU2H

	Interference ranges
	
	
	
	
	
	

	[bookmark: _Hlk158043716]6th
	I 3*fU1L-3*fU2L I
	I 3*fU1H-3*fU3H I
	4*fU1L-2*fU3L
	4*fU1H-2*fU3H
	5*fU1L-fU3L
	5*fUH1-fU3H

	Interference ranges
	
	
	
	
	
	

	7th
	I 4*fU1L-3*fU3L I
	I 4*fU1H-3*fU3H I
	5*fU1L-2*fU3L
	5*fU1H-2*fU3H
	6*fU1L-fU3L
	6*fU1H-fU3H

	Interference ranges
	
	
	
	
	
	

	9th
	I 5*fU1L-4*fU3L I
	I 5*fU1H-4*fU3H I
	6*fU1L-3*fU3L
	6*fU1H-3*fU3H
	7*fU1L-2*fU3L
	7*fU1H-2*fU3H

	Interference ranges
	
	
	
	
	
	



Observations:
· The first line “data” is only related to the UL band and the instantaneous transmit bandwidth of the ULCA RB configuration
· Maximum instantaneous UL BW corresponds to:
· The smallest bandwidth between the UL band bandwidth and the maximum aggregated bandwidth of the BCS for contiguous intra-band ULCA
· The smallest bandwidth between the UL band bandwidth and the maximum separation bandwidth (600MHz) for non- 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
· This is the smallest UL channel BW of the BCS for non-contiguous ULCA as this is the minimum gap between two CCs.
· Most of the IMD products can be expressed in a simpler way based on the UL band bandwidth and the instantaneous UL BW.

In this contribution we discuss the different IMD products and make simplification proposals. We also discuss the difference between the intra-band ULCA as part of a TDD band or a FDD band.
2.2 Simplification of the equations for IMD products
The IMDs of the intra-band ULCA part of an UL configuration is a new source of MSD first analysed for TDD bands in Release 17 and now for FDD bands in Release 18, and that can affect multiple bands due to the wide bandwidth of intra-band ULCA instantaneous transmit bandwidth as discussed above.

The maximum instantaneous UL bandwidth should be understood as the total UL bandwidth between the lowest frequency allocation in the lowest CC and the highest frequency allocation in the highest CC and applies for both contiguous and non-contiguous ULCA and whether the two CCs are transmitted by a single transmit path or one CC per transmit path (2PA).

In order to simplify the IMD equations we can introduce the following parameters:
· Lowest edge of the UL band: fULlow
· Upper edge of the UL band: fULhigh
· Maximum instantaneous UL bandwidth: MaxULBW
· Minimum instantaneous UL bandwidth: MinULBW
· Minimum UL channel bandwidth: MinCBW

With the following, the different fUxx can be derived as follows (there are some approximations due to guard band not being accounted for, but this is not different from other harmonic or IMD calculations for coexistence studies):
· fU1L = fULlow
· fU2L = fULlow+MinCBW+MinULBW
· fU3L = fULlow+MaxULBW
· fU1H = fULhigh
· fU2H = fULhigh-MinCBW-minULBW
· fU3H = fULhigh-MaxULBW

Before we look further into the IMD equations for simplification, let us calculate the UL harmonics ranges that are already covered in the 1UL band 1CC case:
· fH2low = 2*fULlow, fH2high = 2*fULhigh
· fH3low = 3*fULlow, fH3high = 3*fULhigh
· fH4low = 4*fULlow, fH4high = 4*fULhigh
· fH5low = 5*fULlow, fH5high = 5*fULhigh
· Note that no frequency above H5 is currently considered.

We first look at the two first columns (green in Table 1) of the IMD table:
· |fU1L-fU2L| = |fULlow-fULlow-MinCBW-MinULBW| = MinCBW+MinULBW
· But in fact, the minimum possible distance between the 2CC RBs is MinULBW =>
· |fU1L-fU2L| = MinULBW
· |fU1L-fU3L| = |fULlow-fULlow-MaxULBW| = MaxULBW
· 2*fU1L-fU3L = |2*fULlow-fULlow-MaxULBW| = fULlow-MaxULBW
· 2*fU1H-fU3H = 2*fULhigh-fULhigh+MaxULBW = fULhigh+MaxULBW
· |2*fU1L-2*fU2L| = |2*fULlow-2*fULlow-2*MinCBW-2*MinULBW| = 2*(MinCBW+MinULBW)
· But in fact, the minimum possible distance between the 2CC RBs is MinULBW =>
· |2*fU1L-2*fU2L| = 2*MinULBW
· |2*fU1H-2*fU3H| = |2*fULhigh-2*fULhigh+2*MaxULBW| = 2*MaxULBW
· |3*fU1L-2*fU3L| = |3*fULlow-2*fULlow-2*MaxULBW| = fULlow-2*MaxULBW
· |3*fU1H-2*fU3H| = 3*fULhigh-2*fULhigh+2*MaxULBW = fULhigh+2*MaxULBW
· |3*fU1L-3*fU2L| = 3*MinULBW (based on same reasoning than similar IMD2/4 cases)
· |3*fU1H-3*fU3H| = 3*MaxULBW
· |4*fU1L-3*fU3L| = |4*fULlow-3*fULlow-3*MaxULBW| = fULlow-3*MaxULBW
· |4*fU1H-3*fU3H| = 4*fULhigh-3*fULhigh+3*MaxULBW = fULhigh+3*MaxULBW
· |5*fU1L-4*fU3L| = |5*fULlow-4*fULlow-4*MaxULBW| = fULlow-4*MaxULBW
· |5*fU1H-4*fU3H| = 5*fULhigh-4*fULhigh+4*MaxULBW = fULhigh+4*MaxULBW

These IMD products with m and -n indexes and m-n = 0 or 1 (green in Table 1) can be generalized as follows and only depend on the UL band bandwidth and the instantaneous transmission bandwidth:
· Even order 2N (light green in Table 1) are the low frequency products that can affect the low bands: 
· IMD(2N)low = N*MinULBW, 
· = 0 for contiguous ULCA, 
· = N*minCBW for non-contiguous ULCA
· IMD(2N)high = N*MaxULBW, 
· = N*Min(MaxAggBW,fULhigh-fULlow) for contiguous ULCA, 
· = N*Min(MaxSepBW,fULhigh-fULlow) for non-contiguous ULCA
· Odd order 2N+1 (dark green in Table 1) are the products immediately around the UL band:
· IMD(2N+1)low = fULlow-N*MaxULBW
· = fULlow-N*Min(MaxAggBW,fULhigh-fULlow) for contiguous ULCA, 
· = fULlow-N*Min(MaxSepBW,fULhigh-fULlow) for non-contiguous ULCA
· IMD(2N+1)high = fULhigh+N*MaxULBW
· = fULhigh+N*Min(MaxAggBW,fULhigh-fULlow) for contiguous ULCA, 
· = fULhigh+N*Min(MaxSepBW,fULhigh-fULlow) for non-contiguous ULCA.

· These are products that have been studied in the concrete FDD+TDD cases that have been specified with the following remarks:
· All of the case had the FDD victim band below the TDD intra-band ULCA band. This is always the case for large instantaneous transmit BW > 100MHz.
· For even order IMDs, only IMD2 and IMD4 of non-contiguous ULCA are considered, but given that IMD2 is <600MHz, only IMD4 is of interest if 450MHz bands are ignored; IMD6 cases were ignored.
· For intra-band ULCA in TDD band, odd order IMDs up to IMD7 and IMD9 were considered for contiguous and non-contiguous ULCA respectively as MPR was assumed to be applied in these TDD bands
· More recently, FDD-FDD cases have been studied in [2] and, in this case, up to IMD13 was specified as MPR is not assumed to be applied as the UL FDD band benefit to tight UL filtering which means that the MPR allowance may not be applied to meet ACLR and SEM.

The IMD products in orange in Table 1 can be simplified by relating them to the UL harmonics as follows:
· fU1L+fU2L = fULlow+fULlow+minCBW > 2*FULlow > H2low
· fU1H+fU2H = fULhigh+fULhigh-minCBW < 2*FULhigh < H2high
· 2*fU1L+fU2L = 2*fULlow+fULlow+minCBW > 3*FULlow > H3low
· 2*fU1H+fU2H = 2*fULhigh+fULhigh-minCBW < 3*FULhigh < H3high
· 3*fU1L+fU2L = 3*fULlow+fULlow+minCBW > 4*FULlow > H4low	
· 3*fU1H+fU2H = 3*fULhigh+fULhigh-minCBW < 4*FULhigh < H4high
· 4*fU1L+fU2L = 4*fULlow+fULlow+minCBW > 5*FULlow > H5low	
· 4*fU1H+fU2H = 4*fULhigh+fULhigh-minCBW < 5*FULhigh < H5high

· The above cases are already covered by the 1band 1CC UL harmonic coexistence study
· These cases are not needed and can be omitted from the analysis table.

The IMD products in light blue in Table 1 can be simplified as follows:
· 3*fU1L-fU3L = 3*fULlow-fULlow-MaxULBW = 2*fULlow-MaxULBW
· 3*fU1H-fU3H = 3*fULhigh-fULhigh+MaxULBW = 2*fULhigh+MaxULBW
· 4*fU1L-fU3L= 4*fULlow-fULlow-MaxULBW = 3*fULlow-MaxULBW
· 4*fU1H-fU3H = 4*fULhigh-fULhigh+MaxULBW = 3*fULhigh+MaxULBW
· 5*fU1L-fU3L = 5*fULlow-fULlow-MaxULBW = 4*fULlow-MaxULBW
· 5*fUH1-fU3H = 5*fULhigh-fULhigh+MaxULBW = 4*fULhigh+MaxULBW
· 6*fU1L-fU3L = 6*fULlow-fULlow-MaxULBW = 5*fULlow-MaxULBW	
· 6*fU1H-fU3H = 6*fULhigh-fULhigh+MaxULBW = 5*fULhigh+MaxULBW

· The above cases are extending the UL harmonics 2 to 5 bandwidths by the maximum instantaneous transmit bandwidth.
· These cases may be needed, but which ones are of interest must first be assessed.

The IMD products in cyan in Table 1 can be simplified as follows:
· 4*fU1L-2*fU3L = 4*fULlow-2*fULlow-2*MaxULBW = 2*fULlow-2*MaxULBW
· 4*fU1H-2*fU3H = 4*fULhigh-2*fULhigh+2*MaxULBW = 2*fULhigh+2*MaxULBW
· 5*fU1L-2*fU3L= 5*fULlow-2*fULlow-2*MaxULBW = 3*fULlow-2*MaxULBW 
· 5*fU1H-2*fU3H = 5*fULhigh-2*fULhigh+2*MaxULBW = 3*fULhigh+2*MaxULBW
· 7*fU1L-2*fU3L = 7*fULlow-2*fULlow-2*MaxULBW = 5*fULlow-2*MaxULBW
· 7*fU1H-2*fU3H = 7*fULhigh-2*fULhigh+2*MaxULBW = 5*fULhigh+2*MaxULBW

· The above cases are extending the UL harmonics 2, 3 and 5 bandwidths by twice the maximum instantaneous transmit bandwidth.
· These cases may be needed, but which ones are of interest must first be assessed.

The IMD product in dark blue in Table 1 can be simplified as follows:
· 6*fU1L-3*fU3L = 6*fULlow-3*fULlow-3*MaxULBW = 3*fULlow-3*MaxULBW
· 6*fU1H-3*fU3H = 6*fULhigh-3*fULhigh+3*MaxULBW = 3*fULhigh+3*MaxULBW

· The above case is extending the UL harmonics 3 bandwidth by three times the maximum instantaneous transmit bandwidth.
· These cases may be needed, but which ones are of interest must first be assessed.

Intrinsically, the last three IMD products types are above the band and thus are only of interest when the victim FDD or Sim Rx/Tx TDD band is at least 2x above the band which supports the intra-band ULCA configuration. Also, since they are associated with the UL harmonics, these are much lower power than the low frequency even order IMDs or the odd order IMDs immediately outside the UL band.
2.3 Which IMD orders and indexes should be considered
To determine where the different products seat in the frequency range and their relative levels, they can be compared with the 1UL band harmonic ranges and levels. 
To ease that reasoning, a graphical and tabular representation of IMD products is provided in Figure 1 and Table 2 respectively: 
· For Figure 1, IMD up to the 9th order and seating within the 5th harmonic range for a two-tone case where the frequency difference (D) is small compared to the carrier frequency are shown.
· The colour coding of the IMD and harmonic products is the same for Figure 1 and Table 2 with 1 color per order:
· Blue for the UL range and the 2CC carriers F1 an F2 at distance D
· Green from darker to lighter for increasing even IMDs/harmonics order
· Brown, red, light brown, orange for increasing odd harmonic order
· A representative shape of the UL filter in purple.
· In Table 2:
· The harmonic range order from 0 (BB) to 9 is given for each row while the IMD order is for each column
· The IMD indexes of a given IMD order falling near a harmonic range is provided and compared with the 1UL/1CC harmonic:
· The products >H5 are underlined and can be ignored
· ><HX means that these IMD order/index falls within the 1UL/1CC harmonic range and are in italic
· =HX±NΔ means that these IMD order/index exceeds the 1UL/1CC harmonic range by N*Δ
· The direct harmonic products of the two CCs fall exactly on the 1Ul/1CC range and are marked HX,X*Δ for the given Harmonic order and its bandwidth.

[image: ]
Figure 1: IMD2 to 9 products falling within H5 range
Table 2: IMD2 to 9 products and their harmonic range
	
	IMD order / IMD products per harmonic range

	H
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	f1-f2=Δ
	2f2-2f1=2Δ
	3f2-3f1=3Δ
	4f2-4f1=4Δ
	 

	1
	f1,f2=H1,Δ
	2f1-f2, 2f2-f1=H1±Δ
	3f1-2f2,3f2-2f1=H1±2Δ
	4f1-3f2,4f2-3f1=H1±3Δ
	5f1-4f2,5f2-4f1=H1±4Δ

	2
	f1+f2><H2 | 2f1,2f2=H2,2Δ
	3f1-f2, 3f2-f1=H2±Δ
	4f1-2f2,4f2-2f1=H2±2Δ
	5f1-3f2,5f2-3f1=H2±3Δ
	 

	3
	2f1+f2,2f2+f1><H3 | 3f1,3f2=H3,3Δ 
	4f1-f2,4f2-f1=H3±Δ
	5f1-2f2,5f2-2f1=H3±2Δ
	6f1-3f2,6f2-3f1=H3±3Δ

	4
	2f1+2f2&3f1+f2,3f2+f1><H4 | 4f1,4f2=H4,4Δ
	5f1-f2,5f2-f1=H4±Δ
	6f1-2f2,6f2-2f1=H4±2Δ
	 

	5
	3f1+2f2,3f2+2f1&4f1+f2,4f2+f1><H5 | 5f1,5f2=H5,5Δ
	6f1-f2,6f2-f1=H5±Δ
	7f1-2f2,7f2-2f1=H5±2Δ

	6
	3f1+3f2&4f1+2f2,4f2+2f1&5f1+f2,5f2+f1><H6 | 6f1,6f1=H6,6Δ
	7f1-f2,7f2-f1=H6±Δ
	 

	7
	4f1+3f2,4f2+3f1&5f1+2f2,5f2+2f1&6f1+f2,6f2+f1><H7 | 7f1,7f2=H7,7Δ
	8f1-f2,8f2-f1=H7±Δ

	8
	4f1+4f2&5f1+3f2,5f2+3f1&6f1+2f2,6f2+2f1&7f1+f2,7f2+f1><H8 | 8f1,8f2=H8,8Δ
	 

	9
	5f1+4f2,5f2+4f1&6f1+3f2,6f2+3f1&7f1+2f2,7f2+2f1&8f1+f2,8f2+f1><H9 | 9f1,9f2=H9,9Δ



Ultimately, the IMD products can be categorized in three cases:
· “Baseband” even IMD order products that may affect the low bands covering 0-N*MaxULBW
· IMD2 is not a concern even for non-contiguous ULCA assuming the 450MHz bands are not currently considered
· IMD4 can affect low bands only for non-contiguous ULCA in bands >3.3GHz and >300MHz BW (assuming the 450MHz bands are not currently considered)
· IMD6 for non-contiguous ULCA could affect up to mid-bands <1800MHz DL but only if the ULCA UL configuration is in band n77, n46, n96, n102 or n104. So far, such cases have not been encountered as they would affect DL bands in the range below 1.68GHz. At this stage, we can calculate this product and decide on a case by case whether to consider this IMD6 product.
· Odd order IMDs affecting bands at proximity of the UL band covering the UL band +/-N*MaxULBW:
· Considering ULCA in TDD band and applying MPR, up to IMD9 has been specified for contiguous CCs while up to IMD7 is sufficient for non-contiguous case.
· Considering ULCA in FDD band, assuming MPR is not applied, up to IMD13 may need to be considered for victim bands within the same band group.
· The reason to consider higher IMD orders than for the two UL band case, which is limited to IMD5 is that the IMDs are produced by the same PA or by PAs coupling within the same band. Thus, without any filtering, while in the two band cases, separate PAs are used, each with its UL filter. Here, the only filtering available is the UL filter rejection at the victim band.
· Even and Odd orders IMDs affecting bands at proximity of the UL band harmonics covering the M*UL band +/-N*MaxULBW (M from 2 to 5):
· Since these IMDs occur at the harmonics of the UL band and we only consider up to 5th harmonic for 1UL any IMD product > H5 should not be considered.
· IMD(n+m) fall within the 1UL Harmonic(n+m) range and can be ignored as already covered in the 2DL/1UL Ul harmonic study
· For the IMD(m-n) products that fall beyond the H2-H5 1UL 1CC range, some further analysis is required but it should first be observed that those IMD product have smaller levels than the harmonics of each carrier (as they follow a Bessel function with increased order/frequency shift):
· 5f1-3f2 < 4f1-2f2 < 3f1-f2 < 2f1 but in this case f1 is half the power of the equivalent 1UL/1CC carrier and thus 2f1 is 6dB lower and other IMDs beyond H2 products decay further
· 6f1-3f2 < 5f1-2f2 < 4f1-f2 < 3f1 but in this case f1 is half the power of the equivalent 1UL/1CC carrier and thus 3f1 is 9dB lower and other IMDs beyond H3 products decay further
· 6f1-2f2 < 5f1-f2 < 4f1 but in this case f1 is half the power of the equivalent 1UL/1CC carrier and thus 4f1 is 12dB lower and other IMDs beyond H4 products decay further
· 7f1-2f2 < 6f1-f2 < 5f1 but in this case f1 is half the power of the equivalent 1UL/1CC carrier and thus 5f1 is 15dB lower and other IMDs beyond H5 products decay further.
· Based on the above and the UL harmonic MSD currently specified (Table 3), a few cases can be assessed:
· First, for the intra-band ULCA within a TDD band case, MPR is assumed to ensure that the close to UL band IMD3 is <-13dBm/MHz. This requires significant MPR and thus further reduces the IMDs falling beyond the UL harmonic ranges, thus it is reasonable to ignore the above IMD orders above 5.
· Second, for the intra-band ULCA within a FDD band case, MPR is not assumed but the harmonic MSD in Table 3 can be used to determine whether such IMD products are of concern.
· We can observe that UL3/4/5 level are similar around 10dB MSD while UL2 is rather around 23dB MSD.
· For the IMD products around H4 and H5 that are further reduced versus the 12dB and 15dB already reduced harmonics of 2CC versus 1CC it is reasonable to assume that the MSD is negligible.
· For the IMD products around H3 that are further reduced versus the 9dB already reduced harmonics of 2CC versus 1CC, it is reasonable to keep the closer 4Fx-Fy product
· For the IMD products around H2 that are further reduced versus the 6dB already reduced harmonics of 2CC versus 1CC and the large 23dB associated MSD, it is reasonable to keep the two closer 3Fx-Fy and 4Fx-2fy products.
· With the above analysis, only the products falling close to the UL harmonic ranges and up to IMD6 needs to be considered.

Table 3: Specified UL2 to UL5 UL harmonic specified
	UL2
	UL3
	UL4
	UL5

	UL
	DL
	MSD
	UL
	DL
	MSD
	UL
	DL
	MSD
	UL
	DL
	MSD

	n1
	n77
	23.9
	n5
	n411
	10.3
	n5
	n77/78
	10.5
	n5
	n778
	10.4

	n2
	n48
	24.1
	n8
	n7
	7
	n8
	n77/78
	10.8
	n8
	n79
	12

	n2
	n77/78
	23.9
	n8
	n41
	13
	n20
	n78
	10.8
	n12
	n48
	10.4

	n3
	n77/78
	23.9
	n12
	n66
	7
	n26
	n78
	10.8
	n12
	n77/78
	10.4

	n25
	n77/78
	23.9
	n28
	n1
	7.2
	n71
	n71
	11.6
	n13
	n77
	10.4

	n28
	n50
	20
	n71
	n210
	7
	n71
	n41
	10.8
	n14
	n77
	10.4

	n28
	n74
	20.1
	n71
	n2510,11
	7
	n92
	n78
	10.8
	n18
	n77
	10.4

	n28
	n75/n94
	25.1
	n71
	n70
	9.9
	n94
	n78
	10.8
	n28
	n77/78
	10.4

	n66
	n48
	24.1
	n85
	n66
	10
	 
	 
	 
	n71
	n78
	10.4

	n66
	n77/78
	23.9
	n105
	n7
	11.6
	 
	 
	 
	n85
	n77
	10.4

	n70
	n77/78
	23.9
	 
	 
	 
	 
	 
	 
	n105
	n78
	10.4

	~average
	23
	~average
	9
	~average
	11
	~average
	10.5



2.4 Conclusion on IMD products to be used for the coexistence study
With the analysis provided above, the IMD products to be considered can be reduced and their equations simplified:
· The Baseband IMDs up to IMD6 should be considered and they can be expressed for 2N even order IMDs as N*MaxULBW
· The IMDs close to the UL band are the most critical and they can be expressed for 2N+1 odd order IMDs as UL1+/-N*MaxULBW and should be considered up to:
· IMD9 for contiguous ULCA within a TDD band
· IMD7 for non-contiguous ULCA within a TDD band
· IMD13 for ULCA within a FDD band
· Products up to IMD6 that fall just outside the UL harmonic 2 and 3 ranges can be expressed in the form ULX+/-N*MaxULBW with X=2 or 3 and N=1 or 2) should be considered.
· To make the name of the instantaneous UL bandwidth parameter (ULBW) more explicit and not confused with the band bandwidth, the parameter is renamed 2CCBW in our table proposal and the notes provide the minimum and maximum values to be used for this parameter for contiguous and non-contiguous ULCA.

Proposal: For IMD products to be studied for the 1UL band 2CC intra-band case, the following table is used:
· The analysis section should capture the cases that collide with the victim DL band
· The Notes section provides guidance for the analysis and the 2CCBW minimum and maximum values for contiguous and non-contiguous ULCA. 
	All in MHz
	flow/Min
	fhigh/Max
	BB IMD range3

	fUL5
	
	
	Order
	flow
	fhigh

	2CCBW1
	
	
	IMD2
(1-1)
	Min2CCBW
	Max2CCBW

	fDL
	
	
	
	
	

	Close to UL IMD range2
	IMD4
(2-2)
	2*Min2CCBW
	2*Max2CCBW

	Order
	flow
	fhigh
	
	
	

	IMD3
(2-1)
	fULlow-Max2CCBW
	fULhigh+Max2CCBW
	IMD6
(3-3)
	3*Min2CCBW
	3*Max2CCBW

	
	
	
	
	
	

	IMD5
(3-2)
	fULlow-2*Max2CCLBW
	fULhigh+2*Max2CCBW
	Close to H2 IMD range4

	
	
	
	Order
	flow
	fhigh

	IMD7
(4-3)
	fULlow-3*Max2CCBW
	fULhigh+3*Max2CCBW
	IMD4
(3-1)
	2*fULlow-Max2CCBW
	2*fULhigh+Max2CCBW

	
	
	
	
	
	

	IMD9
(5-4)
	fULlow-4*Max2CCBW
	fULhigh+4*Max2CCBW
	IMD6
(4-2)
	2*fULlow-2*Max2CCBW
	2*fULhigh+2*Max2CCBW

	
	
	
	
	
	

	IMD11
(6-5)
	fULlow-5*Max2CCBW
	fULhigh+5*Max2CCBW
	Close to H3 IMD range4

	
	
	
	Order
	flow
	fhigh

	IMD13
(7-6)
	fULlow-6*Max2CCBW
	fULhigh+6*Max2CCBW
	IMD5
(4-1)
	3*fULlow-Max2CCBW
	3*fULhigh+Max2CCBW

	
	
	
	
	
	

	Analysis
	 

	Note 1: 2CCBW is the instantaneous transmit bandwidth of the two intra-band UL CCs:
- The minimum 2CCBW for contiguous / non-contiguous intra-band ULCA is 0 / minimum UL channel bandwidth
- The maximum 2CCBW for contiguous / non-contiguous ULCA is Min(maximum aggregated bandwidth / maximum separation bandwidth(600MHz),fULhigh-fULlow)
Note 2: The close to UL IMD range is the most critical when the victim DL band in proximity to the UL band:
- For contiguous/non-contiguous intra-band ULCA within a TDD band, IMD order up to 9/7 should be considered and MPR assumed
- For intra-band ULCA within a FDD band, IMD order up to 13 should be considered and MPR is not assumed
[bookmark: _Hlk159233962]Note 3: The BB IMD range should only be considered if the DL band is below the UL band and for non-contiguous ULCA within a TDD band >3GHz (assuming CA with 450MHz bands is not considered)
-IMD2 is not considered assuming CA with 450MHz bands is not considered
-IMD4 is considered for FDD or SimRx/Tx TDD bands <1GHz
[-IMD6 is considered case by case for FDD or SimRx/Tx TDD bands <1.68GHz]
Note 4: The harmonic 2 and 3 IMD ranges should only be considered if the DL band is above the UL band
[Note 5: If the band combination can be uniquely identified to a given region/country, UL frequency range restriction may apply]



2.5 Some examples
CA_n1A-n102C/CA_n102C DL/UL
	All in MHz
	flow/Min
	fhigh/Max
	BB IMD range3

	fUL5
	5945
	6425
	Order
	flow
	fhigh

	2CCBW1
	0
	160
	IMD2
(1-1)
	Min2CCBW
	Max2CCBW

	fDL
	2110
	2170
	
	0
	160

	Close to UL IMD range2
	IMD4
(2-2)
	2*Min2CCBW
	2*Max2CCBW

	Order
	flow
	fhigh
	
	0
	320

	IMD3
(2-1)
	fULlow-Max2CCBW
	fULhigh+Max2CCBW
	IMD6
(3-3)
	3*Min2CCBW
	3*Max2CCBW

	
	5785
	6585
	
	0
	480

	IMD5
(3-2)
	fULlow-2*Max2CCBW
	fULhigh+2*Max2CCBW
	Close to H2 IMD range4

	
	5625
	6745
	Order
	flow
	fhigh

	IMD7
(4-3)
	fULlow-3*Max2CCBW
	fULhigh+3*Max2CCBW
	IMD4
(3-1)
	2*fULlow-Max2CCBW
	2*fULhigh+Max2CCBW

	
	5465
	6905
	
	11730
	13010

	IMD9
(5-4)
	fULlow-4*Max2CCBW
	fULhigh+4*Max2CCBW
	IMD6
(4-2)
	2*fULlow-2*Max2CCBW
	2*fULhigh+2*Max2CCBW

	
	5305
	7065
	
	11570
	13170

	IMD11
(6-5)
	fULlow-5*Max2CCBW
	fULhigh+5*Max2CCBW
	Close to H3 IMD range4

	
	5145
	7225
	Order
	flow
	fhigh

	IMD13
(7-6)
	fULlow-6*Max2CCBW
	fULhigh+6*Max2CCBW
	IMD5
(4-1)
	3*fULlow-Max2CCBW
	3*fULhigh+Max2CCBW

	
	4985
	7385
	
	17675
	19435

	Analysis
	The DL victim band is lower than the TDD intra-band ULCA band which is contiguous ULCA thus only the close n102C UL IMD3 to 9 should be considered and there is no overlap with the DL band n1



CA_n7A-n77(2A)/CA_n77(2A) DL/UL (not a requested case)
	All in MHz
	flow/Min
	fhigh/Max
	BB IMD range3

	fUL5
	3400
	4100
	Order
	flow
	fhigh

	2CCBW1
	10
	600
	IMD2
(1-1)
	Min2CCBW
	Max2CCBW

	fDL
	2620
	2690
	
	10
	600

	Close to UL IMD range2
	IMD4
(2-2)
	2*Min2CCBW
	2*Max2CCBW

	Order
	flow
	fhigh
	
	20
	1200

	IMD3
(2-1)
	fULlow-Max2CCBW
	fULhigh+Max2CCBW
	IMD6
(3-3)
	3*Min2CCBW
	3*Max2CCBW

	
	2800
	4700
	
	30
	1800

	IMD5
(3-2)
	fULlow-2*Max2CCBW
	fULhigh+2*Max2CCBW
	Close to H2 IMD range4

	
	2200
	5300
	Order
	flow
	fhigh

	IMD7
(4-3)
	fULlow-3*Max2CCBW
	fULhigh+3*Max2CCBW
	IMD4
(3-1)
	2*fULlow-Max2CCBW
	2*fULhigh+Max2CCBW

	
	1600
	5900
	
	6200
	8800

	IMD9
(5-4)
	fULlow-4*Max2CCBW
	fULhigh+4*Max2CCBW
	IMD6
(4-2)
	2*fULlow-2*Max2CCBW
	2*fULhigh+2*Max2CCBW

	
	1000
	6500
	
	5600
	9400

	IMD11
(6-5)
	fULlow-5*Max2CCBW
	fULhigh+5*Max2CCBW
	Close to H3 IMD range4

	
	400
	7100
	Order
	flow
	fhigh

	IMD13
(7-6)
	fULlow-6*Max2CCBW
	fULhigh+6*Max2CCBW
	IMD5
(4-1)
	3*fULlow-Max2CCBW
	3*fULhigh+Max2CCBW

	
	-200
	7700
	
	9600
	12900

	Analysis
	The DL victim band is lower than the TDD intra-band ULCA band which is non-contiguous ULCA thus: H2 and H3 ranges, UL range IMD9/11/13 and baseband range IMD2 can be ignored. 
The band n7 DL is victim of IMD5/7 and MSD should be analyzed for IMD5



CA_n5B-n29A/CA_n5B DL/UL
	All in MHz
	flow/Min
	fhigh/Max
	BB IMD range3

	fUL5
	824
	849
	Order
	flow
	fhigh

	2CCBW1
	0
	25
	IMD2
(1-1)
	Min2CCBW
	Max2CCBW

	fDL
	717
	728
	
	0
	25

	Close to UL IMD range2
	IMD4
(2-2)
	2*Min2CCBW
	2*Max2CCBW

	Order
	flow
	fhigh
	
	0
	50

	IMD3
(2-1)
	fULlow-Max2CCBW
	fULhigh+Max2CCBW
	IMD6
(3-3)
	3*Min2CCBW
	3*Max2CCBW

	
	799
	874
	
	0
	75

	IMD5
(3-2)
	fULlow-2*Max2CCBW
	fULhigh+2*Max2CCBW
	Close to H2 IMD range4

	
	774
	899
	Order
	flow
	fhigh

	IMD7
(4-3)
	fULlow-3*Max2CCBW
	fULhigh+3*Max2CCBW
	IMD4
(3-1)
	2*fULlow-Max2CCBW
	2*fULhigh+Max2CCBW

	
	749
	924
	
	1623
	1723

	IMD9
(5-4)
	fULlow-4*Max2CCBW
	fULhigh+4*Max2CCBW
	IMD6
(4-2)
	2*fULlow-2*Max2CCBW
	2*fULhigh+2*Max2CCBW

	
	724
	949
	
	1598
	1748

	IMD11
(6-5)
	fULlow-5*Max2CCBW
	fULhigh+5*Max2CCBW
	Close to H3 IMD range4

	
	699
	974
	Order
	flow
	fhigh

	IMD13
(7-6)
	fULlow-6*Max2CCBW
	fULhigh+6*Max2CCBW
	IMD5
(4-1)
	3*fULlow-Max2CCBW
	3*fULhigh+Max2CCBW

	
	674
	999
	
	2447
	2572

	Analysis
	The DL victim band is lower than the FDD intra-band ULCA band which is contiguous ULCA thus only the close n102C UL IMD3 to 13 should be considered. There is an overlap of n29 DL by IMD9/11/13 and MSD should be analyzed for the lowest order IMD falling into band n29.



CA_n40B-n41A/CA_n40B Sim Rx/Tx DL/UL
	All in MHz
	flow/Min
	fhigh/Max
	BB IMD range3

	fUL5
	2300
	2400
	Order
	flow
	fhigh

	2CCBW1
	0
	100
	IMD2
(1-1)
	Min2CCBW
	Max2CCBW

	fDL
	2496
	2690
	
	0
	100

	Close to UL IMD range2
	IMD4
(2-2)
	2*Min2CCBW
	2*Max2CCBW

	Order
	flow
	fhigh
	
	0
	200

	IMD3
(2-1)
	fULlow-Max2CCBW
	fULhigh+Max2CCBW
	IMD6
(3-3)
	3*Min2CCBW
	3*Max2CCBW

	
	2200
	2500
	
	0
	300

	IMD5
(3-2)
	fULlow-2*Max2CCBW
	fULhigh+2*Max2CCBW
	Close to H2 IMD range4

	
	2100
	2600
	Order
	flow
	fhigh

	IMD7
(4-3)
	fULlow-3*Max2CCBW
	fULhigh+3*Max2CCBW
	IMD4
(3-1)
	2*fULlow-Max2CCBW
	2*fULhigh+Max2CCBW

	
	2000
	2700
	
	4500
	4900

	IMD9
(5-4)
	fULlow-4*Max2CCBW
	fULhigh+4*Max2CCBW
	IMD6
(4-2)
	2*fULlow-2*Max2CCBW
	2*fULhigh+2*Max2CCBW

	
	1900
	2800
	
	4400
	5000

	IMD11
(6-5)
	fULlow-5*Max2CCBW
	fULhigh+5*Max2CCBW
	Close to H3 IMD range4

	
	1800
	2900
	Order
	flow
	fhigh

	IMD13
(7-6)
	fULlow-6*Max2CCBW
	fULhigh+6*Max2CCBW
	IMD5
(4-1)
	3*fULlow-Max2CCBW
	3*fULhigh+Max2CCBW

	
	1700
	3000
	
	6800
	7300

	Analysis
	The DL victim band is higher than the TDD intra-band ULCA band which is contiguous ULCA thus only the close n102C UL IMD3 to 9 should be considered. There is an overlap of IMD3/5/7/9 with the DL band n41. MSD should be analyzed for IMD3



CA_n7B-n79A/CA_n41C DL/UL (not a real case)
	All in MHz
	flow/Min
	fhigh/Max
	BB IMD range3

	fUL5
	2500
	2570
	Order
	flow
	fhigh

	2CCBW1
	0
	70
	IMD2
(1-1)
	Min2CCBW
	Max2CCBW

	fDL
	4200
	5000
	
	0
	70

	Close to UL IMD range2
	IMD4
(2-2)
	2*Min2CCBW
	2*Max2CCBW

	Order
	flow
	fhigh
	
	0
	140

	IMD3
(2-1)
	fULlow-Max2CCBW
	fULhigh+Max2CCBW
	IMD6
(3-3)
	3*Min2CCBW
	3*Max2CCBW

	
	2430
	2640
	
	0
	210

	IMD5
(3-2)
	fULlow-2*Max2CCBW
	fULhigh+2*Max2CCBW
	Close to H2 IMD range4

	
	2360
	2710
	Order
	flow
	fhigh

	IMD7
(4-3)
	fULlow-3*Max2CCBW
	fULhigh+3*Max2CCBW
	IMD4
(3-1)
	2*fULlow-Max2CCBW
	2*fULhigh+Max2CCBW

	
	2290
	2780
	
	4930
	5210

	IMD9
(5-4)
	fULlow-4*Max2CCBW
	fULhigh+4*Max2CCBW
	IMD6
(4-2)
	2*fULlow-2*Max2CCBW
	2*fULhigh+2*Max2CCBW

	
	2220
	2850
	
	4860
	5280

	IMD11
(6-5)
	fULlow-5*Max2CCBW
	fULhigh+5*Max2CCBW
	Close to H3 IMD range4

	
	2150
	2920
	Order
	flow
	fhigh

	IMD13
(7-6)
	fULlow-6*Max2CCBW
	fULhigh+6*Max2CCBW
	IMD5
(4-1)
	3*fULlow-Max2CCBW
	3*fULhigh+Max2CCBW

	
	2080
	2990
	
	7430
	7780

	Analysis
	The DL victim band is higher than the FDD intra-band ULCA band which is contiguous ULCA thus only the close n7B UL and its harmonics should be considered. There is an overlap of the close to n7B H2 IMD4/6 with the DL band n79. MSD should be analyzed for IMD4


CA_n18A-n77(2A)/CA_n77(2A) DL/UL
	All in MHz
	flow/Min
	fhigh/Max
	BB IMD range3

	fUL5
	3400
	4100
	Order
	flow
	fhigh

	2CCBW1
	0
	600
	IMD2
(1-1)
	Min2CCBW
	Max2CCBW

	fDL
	860
	875
	
	0
	600

	Close to UL IMD range2
	IMD4
(2-2)
	2*Min2CCBW
	2*Max2CCBW

	Order
	flow
	fhigh
	
	0
	1200

	IMD3
(2-1)
	fULlow-Max2CCBW
	fULhigh+Max2CCBW
	IMD6
(3-3)
	3*Min2CCBW
	3*Max2CCBW

	
	2800
	4700
	
	0
	1800

	IMD5
(3-2)
	fULlow-2*Max2CCBW
	fULhigh+2*Max2CCBW
	Close to H2 IMD range4

	
	2200
	5300
	Order
	flow
	fhigh

	IMD7
(4-3)
	fULlow-3*Max2CCBW
	fULhigh+3*Max2CCBW
	IMD4
(3-1)
	2*fULlow-Max2CCBW
	2*fULhigh+Max2CCBW

	
	1600
	5900
	
	6200
	8800

	IMD9
(5-4)
	fULlow-4*Max2CCBW
	fULhigh+4*Max2CCBW
	IMD6
(4-2)
	2*fULlow-2*Max2CCBW
	2*fULhigh+2*Max2CCBW

	
	1000
	6500
	
	5600
	9400

	IMD11
(6-5)
	fULlow-5*Max2CCBW
	fULhigh+5*Max2CCBW
	Close to H3 IMD range4

	
	400
	7100
	Order
	flow
	fhigh

	IMD13
(7-6)
	fULlow-6*Max2CCBW
	fULhigh+6*Max2CCBW
	IMD5
(4-1)
	3*fULlow-Max2CCBW
	3*fULhigh+Max2CCBW

	
	-200
	7700
	
	9600
	12900

	Analysis
	The DL victim band is lower than the TDD intra-band ULCA band which is non-contiguous ULCA thus only the close n102C UL IMD3 to 7 and the BB IMD4/6 should be considered. There is an overlap of the BB IMD4 and IMD6 of n77(2A) with the DL band n18 and the MSD for IMD4 should be analyzed.


3 Conclusion
In this contribution, we analyzed the different IMD products of the intra-band ULCA part of a two band DL combination and propose the following table for the related coexistence studies.
Proposal: For IMD products to be studied for the 1UL band 2CC intra-band case, the following table is used:
· The analysis section should capture the cases that collide with the victim DL band
· The Notes section provides guidance for the analysis and the 2CCBW minimum and maximum values for contiguous and non-contiguous ULCA. 
	All in MHz
	flow/Min
	fhigh/Max
	BB IMD range3

	fUL5
	
	
	Order
	flow
	fhigh

	2CCBW1
	
	
	IMD2
(1-1)
	Min2CCBW
	Max2CCBW

	fDL5
	
	
	
	
	

	Close to UL IMD range2
	IMD4
(2-2)
	2*Min2CCBW
	2*Max2CCBW

	Order
	flow
	fhigh
	
	
	

	IMD3
(2-1)
	fULlow-Max2CCBW
	fULhigh+Max2CCBW
	IMD6
(3-3)
	3*Min2CCBW
	3*Max2CCBW

	
	
	
	
	
	

	IMD5
(3-2)
	fULlow-2*Max2CCBW
	fULhigh+2*Max2CCBW
	Close to H2 IMD range4

	
	
	
	Order
	flow
	fhigh

	IMD7
(4-3)
	fULlow-3*Max2CCBW
	fULhigh+3*Max2CCBW
	IMD4
(3-1)
	2*fULlow-Max2CCBW
	2*fULhigh+Max2CCBW

	
	
	
	
	
	

	IMD9
(5-4)
	fULlow-4*Max2CCBW
	fULhigh+4*Max2CCBW
	IMD6
(4-2)
	2*fULlow-2*Max2CCBW
	2*fULhigh+2*Max2CCBW

	
	
	
	
	
	

	IMD11
(6-5)
	fULlow-5*Max2CCBW
	fULhigh+5*Max2CCBW
	Close to H3 IMD range4

	
	
	
	Order
	flow
	fhigh

	IMD13
(7-6)
	fULlow-6*Max2CCBW
	fULhigh+6*Max2CCBW
	IMD5
(4-1)
	3*fULlow-Max2CCBW
	3*fULhigh+Max2CCBW

	
	
	
	
	
	

	Analysis
	 

	Note 1: 2CCBW is the instantaneous transmit bandwidth of the two intra-band UL CCs:
- The minimum 2CCBW for contiguous/non-contiguous intra-band ULCA is: 0/minimum UL channel bandwidth
- The maximum 2CCBW for contiguous/non-contiguous ULCA is: Min(maximum aggregated bandwidth/maximum separation bandwidth(600MHz),fULhigh-fULlow)
Note 2: The close to UL IMD range is the most critical when the victim DL band in proximity to the UL band:
- For contiguous/non-contiguous intra-band ULCA within a TDD band, IMD order up to 9/7 should be considered and MPR assumed
- For intra-band ULCA within a FDD band, IMD order up to 13 should be considered and MPR is not assumed
Note 3: The BB IMD range should only be considered if the DL band is below the UL band and for non-contiguous ULCA within a TDD band >3GHz (assuming CA with 450MHz bands is not considered)
-IMD2 is not considered assuming CA with 450MHz bands is not considered
-IMD4 is considered for FDD or SimRx/Tx TDD bands <1GHz
[-IMD6 is considered case by case for FDD or SimRx/Tx TDD bands <1.68GHz]
Note 4: The harmonic 2 and 3 IMD ranges should only be considered if the DL band is above the UL band
[Note 5: If the band combination can be uniquely identified to a given region/country, UL or DL frequency range restriction may apply]
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