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1	Introduction
This contribution is about the amount of possible intermodulation frequencies associated with 3DL/3UL Inter-band CA. 

2	Discussion
3DL/3UL WI [1] was approved in RAN#70. WID description includes pure 3DL/3UL Inter-band CA (three different bands) as well as mixed inter-band and intra-band CA (two bands, another band has intra-band CA configured). 

In this contribution we list the possible intermodulation frequencies for pure 3DL/3UL inter-band CA third, fourth, and fifth order intermodulation (IMD3, IMD4, and IMD5). Please note that we have excluded all intermodulation combinations that may occur in 2DL/2UL and/or 3DL/2UL inter-band CA, the reason being these intermodulation frequencies are already handled in respective 2DL/2UL and 3DL/2UL WI’s. It’s no surprise that the amount of intermodulation frequencies increases significantly when the number of frequency contributors rises from two to three (2UL=>3UL).

Intermodulation equation in generic form is:

a*F1+b*F2+c*F3=Intermodulation frequency 

where |a|+|b|+|c|= Intermodulation order (3,4,5 in this analysis). Please note that because this analysis is for pure 3DL/3UL inter-band CA, none of the coefficients a, b, c can be 0.

IMD3:

In this case, possible values for each coefficient a, b, c are 1 or -1:

1) F1+F2+F3
2) F1+F2-F3
3) F1-F2+F3
4) F1-F2-F3
5) -F1+F2+F3
6) -F1+F2-F3
7) -F1-F2+F3
8) -F1-F2-F3

We note that, entries 1 and 8, 2 and 7, 3 and 6, 4 and 5 result as same absolute value, respectively. Thus we can omit entries 5, 6, 7, and 8. As a result, there are 4 possible intermodulation frequencies for IMD3 that can be expressed in generic form:

1) |F1+F2+F3|
2) |F1+F2-F3|
3) |F1-F2+F3|
4) |F1-F2-F3|


IMD4:

In this case, possible values for each coefficient a, b, c are 2, 1, -1, or -2. With the requirement |a|+|b|+|c|=4, the following intermodulation frequencies are possible:

[bookmark: OLE_LINK1]1) 2F1+F2+F3
2) 2F1+F2-F3
3) 2F1-F2+F3
4) 2F1-F2-F3
5) -2F1+F2+F3
6) -2F1+F2-F3
7) -2F1-F2+F3
8) -2F1-F2-F3
9) F1+2F2+F3
10) F1+2F2-F3
11) F1-2F2+F3
12) F1-2F2-F3
13) -F1+2F2+F3
14) -F1+2F2-F3
15) -F1-2F2+F3
16) -F1-2F2-F3
17) F1+F2+2F3
18) F1+F2-2F3
19) F1-F2+2F3
20) F1-F2-2F3
21) -F1+F2+2F3
22) -F1+F2-2F3
23) -F1-F2+2F3
24) -F1-F2-2F3

In analogy the IMD3, also in this case entries 1 and 8, 2 and 7, 3 and 6, 4 and5, 9 and 16, 10 and 15, 11 and 14, 12 and 13, 17 and 24, 18 and 23, 19 and 22, 20 and 21 results as same absolute value. Thus entries 5-8, 13-16, and 21-24 can be omitted. As a result, there are 12 possible intermodulation frequencies for IMD4 that can be expressed in generic form:

1) |2F1+F2+F3|
2) |2F1+F2-F3|
3) |2F1-F2+F3|
4) |2F1-F2-F3|
9) |F1+2F2+F3|
10) |F1+2F2-F3|
11) |F1-2F2+F3|
12) |F1-2F2-F3|
17) |F1+F2+2F3|
18) |F1+F2-2F3|
19) |F1-F2+2F3|
20) |F1-F2-2F3|

IMD5: 

In this case, possible values for each coefficient a, b, c are 3, 2, 1, -1, -2, or -3. With the requirement |a|+|b|+|c|=5, the following intermodulation frequencies are possible:


1) 3F1+F2+F3
2) 3F1+F2-F3
3) 3F1-F2+F3
4) 3F1-F2-F3
5) -3F1+F2+F3
6) -3F1+F2-F3
7) -3F1-F2+F3
8) -3F1-F2-F3
9) F1+3F2+F3
10) F1+3F2-F3
11) F1-3F2+F3
12) F1-3F2-F3
13) -F1+3F2+F3
14) -F1+3F2-F3
15) -F1-3F2+F3
16) -F1-3F2-F3
17) F1+F2+3F3
18) F1+F2-3F3
19) F1-F2+3F3
20) F1-F2-3F3
21) -F1+F2+3F3
22) -F1+F2-3F3
23) -F1-F2+3F3
24) -F1-F2-3F3
25) 2F1+2F2+F3
26) 2F1+2F2-F3
27) 2F1-2F2+F3
28) 2F1-2F2-F3
29) -2F1+2F2+F3
30) -2F1+2F2-F3
31) -2F1-2F2+F3
32) -2F1-2F2-F3
33) F1+2F2+2F3
34) F1+2F2-2F3
35) F1-2F2+2F3
36) F1-2F2-2F3
37) -F1+2F2+2F3
38) -F1+2F2-2F3
39) -F1-2F2+2F3
40) -F1-2F2-2F3
41) 2F1+F2+2F3
42) 2F1+F2-2F3
43) 2F1-F2+2F3
44) 2F1-F2-2F3
45) -2F1+F2+2F3
46) -2F1+F2-2F3
47) -2F1-F2+2F3
48) -2F1-F2-2F3

Again, In analogy the IMD3 and IMD4, also in this case entries 1 and 8, 2 and 7, 3 and 6, 4 and5, 9 and 16, 10 and 15, 11 and 14, 12 and 13, 17 and 24, 18 and 23, 19 and 22, 20 and 21 results as same absolute value. The same analogy holds also for entries 25-48. Thus entries 5-8, 13-16, 21-24, 29-32, 37-40, and45-48 can be omitted. As a result, there are 24 possible intermodulation frequencies for IMD5 that can be expressed in generic form:

1) |3F1+F2+F3|
2) |3F1+F2-F3|
3) |3F1-F2+F3|
4) |3F1-F2-F3|
9) |F1+3F2+F3|
10) |F1+3F2-F3|
11) |F1-3F2+F3|
12) |F1-3F2-F3|
17) |F1+F2+3F3|
18) |F1+F2-3F3|
19) |F1-F2+3F3|
20) |F1-F2-3F3|
25) |2F1+2F2+F3|
26) |2F1+2F2-F3|
27) |2F1-2F2+F3|
28) |2F1-2F2-F3|
33) |F1+2F2+2F3|
34) |F1+2F2-2F3|
35) |F1-2F2+2F3|
36) |F1-2F2-2F3|
41) |2F1+F2+2F3|
42) |2F1+F2-2F3|
43) |2F1-F2+2F3|
44) |2F1-F2-2F3|

Comparison with pure 2DL/2UL and 3DL/2UL Inter-band CA

Comparison of intermodulation frequencies between pure 2DL/2UL, 3DL/2UL, and 3DL/3UL Inter-band CA is shown in Table 1below. Please note that in case of 3DL/2UL we calculated the amount of possible intermodulation frequencies for all three possible cases; one 2UL allocation (band A+ band B), two 2UL allocations (Band A+ Band B, Band A+ Band C), and three 2UL allocations. (Band A+ Band B, Band A+ Band C, Band B+ Band C). For each 3DL/2UL configuration, only one 2UL configuration is active at a time. 

When comparing 2DL/2UL with 3DL/3UL it can be seen that the number of intermodulation frequencies, and thus the probability of intermodulation hitting on top of own DL CC, is much higher in IMD4 and IMD5 with 3DL/3UL. In case of IMD3 both pure 2UL and pure 3UL have four intermodulation frequencies.

Comparison between 3DL/2UL and 3DL/3UL is not so straightforward. There are two things that need to be considered; the amount of intermodulation frequencies related to each 3DL/2UL configuration and the total amount of intermodulation frequencies for each 3DL/2UL combination. 

The first one relates to the amount of intermodulation frequencies that may cause desensitization in each 3DL/2UL configuration. In this respect, the number of intermodulation frequencies, and thus the probability of intermodulation hitting on top of own DL CC, is much higher in IMD4 and IMD5 with 3DL/3UL. In case of IMD3 both pure 2UL and pure 3UL have four intermodulation frequencies.

The second one relates to the amount of intermodulation frequencies that need to be analyzed for each 3DL/2UL combination. We note that actually 3DL/2UL has more IMD3 and IMD4 frequencies than 3DL/3UL. In case of IMD5 both have 24 intermodulation frequencies.

The essential difference between 3DL/2UL and 3DL/3UL is that in 3DL/2UL the intermodulation frequencies can be chosen by choosing desirable UL band configurations for each use scenario, while in 3DL/3UL all the possible intermodulation frequencies occur while all three UL’s are active concurrently.

	Intermodulation #
	Number of intermodulation frequencies for pure 2DL/2UL Inter-band CA
	Number of intermodulation frequencies for pure 3DL/2UL Inter-band CA
	Number of intermodulation frequencies for pure 3DL/3UL Inter-band CA

	
	
	One 2UL configuration
	Two 2UL configurations
	Three 2UL configurations
	

	IMD2
	2
	2
	4
	6
	-

	IMD3
	4
	4
	8
	12
	4

	IMD4
	6
	6
	12
	18
	12

	IMD5
	8
	8
	16
	24
	24


[bookmark: _Ref449515938]Table 1 Comparison of intermodulation frequencies for pure 2DL/2UL, 3DL/2UL, and 3DL/3UL Inter-band CA

3	Conclusion
We calculated the amount of potential intermodulation frequencies for pure 3DL/3UL Inter-band CA. The following amount of intermodulation frequencies occurs for IMD3, IMD4, and IMD5. All of these intermodulations exist when 3DL/3UL inter-band CA is active on all three bands.	

	Intermodulation #
	Number of intermodulation frequencies for pure 3DL Inter-band CA

	IMD3
	4

	IMD4
	12

	IMD5
	24


Table 2 Number of intermodulation frequencies for pure 3DL/3UL Inter-band CA

	Intermodulation #
	IMD3
	IMD4
	IMD5

	Intermodulation frequencies
	|F1+F2+F3|
|F1+F2-F3|
|F1-F2+F3|
|F1-F2-F3|
	|2F1+F2+F3|
|2F1+F2-F3|
|2F1-F2+F3|
|2F1-F2-F3|
|F1+2F2+F3|
|F1+2F2-F3|
|F1-2F2+F3|
|F1-2F2-F3|
|F1+F2+2F3|
|F1+F2-2F3|
|F1-F2+2F3|
|F1-F2-2F3|

	|3F1+F2+F3|
|3F1+F2-F3|
|3F1-F2+F3|
|3F1-F2-F3|
|F1+3F2+F3|
|F1+3F2-F3|
|F1-3F2+F3|
|F1-3F2-F3|
|F1+F2+3F3|
|F1+F2-3F3|
|F1-F2+3F3|
|F1-F2-3F3|
|2F1+2F2+F3|
|2F1+2F2-F3|
|2F1-2F2+F3|
|2F1-2F2-F3|
|F1+2F2+2F3|
|F1+2F2-2F3|
|F1-2F2+2F3|
|F1-2F2-2F3|
|2F1+F2+2F3|
|2F1+F2-2F3|
|2F1-F2+2F3|
|2F1-F2-2F3|


Table 3 Intermodulation frequencies for pure 3DL/3UL Inter-band CA
We note that the amount of intermodulation frequencies is fairly high in pure 3DL/3UL inter-band CA, and thus the probability of intermodulation hitting on top of own DL CC is increased compared with 2DL/2UL and 3DL/2UL.

*********************** Start of the TP ********************************************************
[bookmark: _Toc441655528]5	General Part: Inter-Band (3DL/3UL) CA 
[bookmark: _Toc441655529]5.2	Intermodulation frequencies

Comparison of intermodulation frequencies between pure 2DL/2UL, 3DL/2UL, and 3DL/3UL Inter-band CA is shown in table 1. below. Please note that in case of 3DL/2UL we calculated the amount of possible intermodulation frequencies for all three possible cases; one 2UL allocation (band A+ band B), two 2UL allocations (Band A+ Band B, Band A+ Band C), and three 2UL allocations. (Band A+ Band B, Band A+ Band C, Band B+ Band C). For each 3DL/2UL configuration, only one 2UL configuration is active at a time. 

When comparing 2DL/2UL with 3DL/3UL it can be seen that the number of intermodulation frequencies, and thus the probability of intermodulation hitting on top of own DL CC, is much higher in IMD4 and IMD5 with 3DL/3UL. In case of IMD3 both pure 2UL and pure 3UL have four intermodulation frequencies.

Comparison between 3DL/2UL and 3DL/3UL is not so straightforward. There are two things that need to be considered; the amount of intermodulation frequencies related to each 3DL/2UL configuration and the total amount of intermodulation frequencies for each 3DL/2UL combination. 

The first one relates to the amount of intermodulation frequencies that may cause desensitization in each 3DL/2UL configuration. In this respect, the number of intermodulation frequencies, and thus the probability of intermodulation hitting on top of own DL CC, is much higher in IMD4 and IMD5 with 3DL/3UL. In case of IMD3 both pure 2UL and pure 3UL have four intermodulation frequencies.

The second one relates to the amount of intermodulation frequencies that need to be analyzed for each 3DL/2UL combination. We note that actually 3DL/2UL has more IMD3 and IMD4 frequencies than 3DL/3UL. In case of IMD5 both have 24 intermodulation frequencies.

The essential difference between 3DL/2UL and 3DL/3UL is that in 3DL/2UL the intermodulation frequencies can be chosen by choosing desirable UL band configurations for each use scenario, while in 3DL/3UL all the possible intermodulation frequencies occur while all three UL’s are active concurrently.

	Intermodulation #
	Number of intermodulation frequencies for pure 2DL/2UL Inter-band CA
	Number of intermodulation frequencies for pure 3DL/2UL Inter-band CA
	Number of intermodulation frequencies for pure 3DL/3UL Inter-band CA

	
	
	One 2UL configuration
	Two 2UL configurations
	Three 2UL configurations
	

	IMD2
	2
	2
	4
	6
	-

	IMD3
	4
	4
	8
	12
	4

	IMD4
	6
	6
	12
	18
	12

	IMD5
	8
	8
	16
	24
	24


Table 1 Comparison of intermodulation frequencies for pure 2DL/2UL, 3DL/2UL, and 3DL/3UL Inter-band CA

The following amount of intermodulation frequencies occurs for IMD3, IMD4, and IMD5. All of these intermodulations exist when 3DL/3UL inter-band CA is active on all three bands.

	Intermodulation #
	Number of intermodulation frequencies for pure 3DL Inter-band CA

	IMD3
	4

	IMD4
	12

	IMD5
	24


Table 2 Number of intermodulation frequencies for pure 3DL/3UL Inter-band CA

	Intermodulation #
	IMD3
	IMD4
	IMD5

	Intermodulation frequencies
	|F1+F2+F3|
|F1+F2-F3|
|F1-F2+F3|
|F1-F2-F3|
	|2F1+F2+F3|
|2F1+F2-F3|
|2F1-F2+F3|
|2F1-F2-F3|
|F1+2F2+F3|
|F1+2F2-F3|
|F1-2F2+F3|
|F1-2F2-F3|
|F1+F2+2F3|
|F1+F2-2F3|
|F1-F2+2F3|
|F1-F2-2F3|

	|3F1+F2+F3|
|3F1+F2-F3|
|3F1-F2+F3|
|3F1-F2-F3|
|F1+3F2+F3|
|F1+3F2-F3|
|F1-3F2+F3|
|F1-3F2-F3|
|F1+F2+3F3|
|F1+F2-3F3|
|F1-F2+3F3|
|F1-F2-3F3|
|2F1+2F2+F3|
|2F1+2F2-F3|
|2F1-2F2+F3|
|2F1-2F2-F3|
|F1+2F2+2F3|
|F1+2F2-2F3|
|F1-2F2+2F3|
|F1-2F2-2F3|
|2F1+F2+2F3|
|2F1+F2-2F3|
|2F1-F2+2F3|
|2F1-F2-2F3|


Table 3 Intermodulation frequencies for pure 3DL/3UL Inter-band CA
We note that the amount of intermodulation frequencies is fairly high in pure 3DL/3UL inter-band CA, and thus the probability of intermodulation hitting on top of own DL CC is increased compared with 2DL/2UL and 3DL/2UL.

*********************** End of the TP ********************************************************
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