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1. Introduction
Second order intermodulation (IM2) can be a problem in certain low-high inter-band CA combinations when 2UL’s are active.

Current division to four classes in inter-band CA does not have a category for low-high combination with intermodulation problem. This contribution discusses the issue. 

2. Discussion

In RAN4 meeting #59 the following tentative classes were defined for inter-band CA [1]:

A1.
Low-high band combination without harmonic relation between bands

A2.
Low-high band combination with harmonic relation between bands

A3.
Low-low or high-high band combination without intermodulation problem (low order IM) 

A4.
Low-low or high-high band combination with intermodulation problem (low order IM)

Combinations with operating bands in the 1.5 GHz are designated into the above classes on a case-by-case basis.

2.1 Frequency ranges
IM2 may appear to be a problem for those low-high band combinations whose UL frequencies have certain relation to low band DL frequency. DL of low band may suffer from desense if the relation between the frequencies is 
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. Out of currently accepted WI’s band combinations 3+5 and 4+5 have this characteristic.
	
	UL_low
	UL_high
	DL_low
	DL_high
	
	UL_low+DL_low
	UL_high+DL_high

	B3
	1710
	1785
	1805
	1880
	
	3515
	3665

	B4
	1710
	1755
	2110
	2155
	
	3820
	3910

	B5
	824
	849
	869
	894
	
	1693
	1743


Table 1 B3, B4, and B5 frequency ranges in MHz
The frequency range of B3 UL that causes IM2 product on top of B5 DL is 1710…1743MHz.  

The frequency range of B4 UL that causes IM2 product on top of B5 DL is 1710…1743MHz.  

2.2 Assumptions
Assumptions:

B3 TX level at antenna port =22dBm (
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B4 TX level at antenna port =22dBm (
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B5 TX level at antenna port =22dBm (
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B3/B4 antenna to B5 antenna isolation (Ant_att) = 20dBm

This 20dB attenuation comes from diplexer that divides bands in the diplexer. 
Receiver NF = 9dB

Naturally in B3+B5 combination B4 is inactive and in B4+B5 combination B3 is inactive.

2.3 Calculations

In front-end modules, the IMD2 (
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specification can be calculated using formula (1) below. 
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is -15dBm (range 3 OOB interferer) and 
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is 20dBm (OOB test TX power). 
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(1)
Calculations for both inter-band combinations are done using formulas (2), (3), and (4). Calculations for B3+B5 combination are show below as an example:
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Combining (2) and (3) we get the following IM power on top of B5 DL 




(4):
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(4)
We get the same 
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also for case B4+B5 because TX powers are assumed to be equal.

This calculation shows that the intermodulation power on top of B5 in B3+B5 inter-band case or on top of B5 in B4+B5 inter-band case can be -91dBm. 
Noise level at B5 antenna port with 10MHz CC is -174+10*LOG(10*10^6)+9=-95dBm

Corresponding amount of desense for B5 is 
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This amount of desense will clearly worsen reception performance.

4. Conclusion

A couple of low-high band combinations with potential IM2 problem are discussed. In initial studies the findings were as follows:

Case B3+B5: When both uplinks are active, B5 DL suffers from desense when B3 UL is operating at frequencies 1710…1743MHz.

Case B4+B5: When both uplinks are active, B5 DL suffers from desense when B4 UL is operating at frequencies 1710…1743MHz.

We propose this problem should be addressed. The inter-band classification should be slightly modified to address this issue as there is currently no class for low-high combinations with IM problem. 
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