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1	Introduction
In the RAN4#70 meeting, IMD4 and IMD5 has been approved to be included into consideration for UE self-desensitization when intermodulation products fall into DL spectrum [1] [2]. Previous study has been based on band-to-band consideration from spectrum perspective. In this contribution, a method of IMD interference consideration is provided with further spectrum allocation and deployment awareness to avoid pseudo IMD interference for UE self-desensitization.  
2	Discussion
2.1 Spectrum analysis for IMD 
In RAN4, band-to-band based study has been dominating the Class definition and intermodulation impact for UE self-desensitization. For example, when 2UL inter-band B1+B5 is analysed for IMD, the entire Band 1 and Band 5 frequency spectra are used for calculation. Similarly, when UE self-desensitization is considered from 2UL CA generated IMDs, the entire UE DL spectrum is considered. With this approach, IMD4 from B1+B5 2UL CA shows falling into Band 1 DL as highlighted in yellow in Table 2.1-1.   
Table 2.1-1: Band 1 and Band 5 UL IMD4 calculation
	UE UL carriers
	f 1_low
	f 1_high
	f 5_low
	f 5_high

	UL frequency (MHz)
	 1920
	1980 
	824 
	849 

	Two-tone 4th order IMD products
	|3*f1_low –1* f5_high|
	|3*f1_high – 1*f5_low|
	|3*f5_low – 1*f1_high|
	|3*f5_high – 1*f1_low|

	IMD frequency limits (MHz)
	4911   ---   5116
	492   ---   627

	Two-tone 4th order IMD products
	|2*f1_low –2* f5_high|
	|2*f1_high – 2*f5_low|

	IMD frequency limits (MHz)
	2142    ---    2312


However, IMD4 from B1+B5 would not be falling into Band 1 DL spectrum, if further spectrum allocation/deployment conditions are considered as below:
1. FDD UL and DL are paired with fixed TX-RX frequency separation for each individual band;
2. Each band has its maximum channel bandwidth for both UL and DL, instead of channel occupying the entire band.
Incorporating above two conditions, IMD4 is re-calculated with two additional parameters as listed in Table 2.1-2. 
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Table 2.1-2: Band 1 and Band 5 UL IMD4 calculation with additional conditions
	Uplink Inputs (MHz)

	Band 1_low
	Band 1_high
	Band 1 TX-RX separation
	Max channel BW of Band 1

	1710
	1785
	95
	20

	Band 5_low
	Band 5_high
	Band 5 TX-RX separation
	Max channel BW of Band 5

	814
	849
	45
	15


Some script was programmed to run a thorough IMD examination for UE self-downlink interference with the stepping size of 1MHz. In our example CA B1+B5, IMD4 would not fall into either DL spectrum of B1 or B5. This illustrates that CA B1+B5 is identified with UE self-desensitization issue from IMD interference, however CA B1+B5 would not have IMD issue in reality with FDD spectrum allocation and channel bandwidth limitation. Therefore, B1+B5 might not need to be considered for UE self-desensitization caused by 2UL intermodulation.
Adopting above method for intermodulation product analysis for existing 2UL CA combinations, Table 2.1-3 lists the information about CAs that are impacted by IMD2, IMD3, IMD4 and IMD5. There are four IMDs being crossed off in red colour with TX-RX separation and channel bandwidth consideration. 
Table 2.1-3 IMD impact on UE self-downlink
	Class
	Band Combination
	DL impacted by IMDs

	
	
	IMD2
	IMD3
	IMD4
	IMD5

	Dual-uplink Inter-band CA
	A1
	B1+B5
	
	
	Yes
	

	
	
	B1+B19
	
	
	Yes
	

	
	
	B3+B20
	
	
	Yes
	

	
	
	B7 +B28
	
	
	
	

	
	
	B2+B13
	
	
	
	

	
	
	B4+B13
	
	
	
	

	
	A2
	B3+B8
	Yes
	
	Yes
	Yes

	
	
	B4+B12
	
	
	Yes
	

	
	
	B4+B17
	
	
	
	

	
	A3
	B1+B7
	
	
	
	

	
	
	B3+B7
	
	
	Yes
	

	
	
	B4+B7
	
	
	Yes
	

	
	
	B5+B12
	
	
	
	

	
	
	B5+B17
	
	
	
	

	
	A4
	B3+B5
	Yes
	
	Yes
	Yes

	
	
	B2+B4
	
	Yes
	
	Yes

	
	
	B7+B20
	
	Yes
	
	Yes

	
	
	B3+B26
	Yes
	
	Yes
	Yes

	
	
	B5+B7
	
	Yes
	
	Yes

	
	
	B3+B19
	Yes
	
	Yes
	Yes

	
	A5
	B1+B21
	
	
	
	

	
	
	B19+B21
	
	
	
	



Observation: If TX-RX separation and channel bandwidth limitation are included into IMD interference consideration, some 2UL inter-band CA combinations that are identified as impacted by IMD falling into their DL spectra based on band-to-band calculation would NOT be affected by IMD with channel-to-channel calculation.  
2.2 Way forward on IMD study for UE self-desensitization  
Intermodulation interference has always been considered based on band-to-band analysis in terms of Class definition, CA classification and other pertinent items. It has been efficient and comprehensive for RAN4 and other RANs’ work. Until recently, higher order IMD4 and IMD5 have been included into UE self-desensitization consideration. Consequently, some CA combinations that were classified in non-Class A4 category would need to be considered for IMD issue. Therefore, it is necessary to seek a considerable solution for handling the situation. Here are our three solutions; however it is not limited to the ones below. Other possible options are welcome to be discussed.
Solution 1: Do NOT re-classify any existing 2UL CA combination, however IMD caused UE self-desensitization would be investigated based on above analysing method with TX-RX separation and channel bandwidth limitation, regardless Class A4.
Solution 2: Re-classify existing 2UL inter-band CA combination based on band-to-band analysis. IMD caused UE self-desensitization would be investigated regarding CA combinations belonging to Class A4. 
Solution 3: Re-classify existing 2UL inter-band CA combination based on above analysing method with TX-RX separation and channel bandwidth limitation. IMD caused UE self-desensitization would be investigated regarding CA combinations belonging to Class A4.  
3	Conclusion
This contribution introduces a further detailed method of IMD spectrum analysis with TX-RX separation and channel bandwidth limitation consideration. It also provides its analysed results and a discussion regarding way-forward IMD study for UE self-desensitization for 2UL inter-band CA.  
Observation: If TX-RX separation and channel bandwidth limitation are included into IMD interference consideration, some 2UL inter-band CA combinations that are identified as impacted by IMD falling into their DL spectra based on band-to-band calculation would NOT be affected by IMD with channel-to-channel calculation.  
Solution 1: Do NOT re-classify any existing 2UL CA combination, however IMD caused UE self-desensitization would be investigated based on above analysing method with TX-RX separation and channel bandwidth limitation, regardless Class A4.
Solution 2: Re-classify existing 2UL inter-band CA combination based on band-to-band analysis. IMD caused UE self-desensitization would be investigated regarding CA combinations belonging to Class A4. 
Solution 3: Re-classify existing 2UL inter-band CA combination based on above analysing method with TX-RX separation and channel bandwidth limitation. IMD caused UE self-desensitization would be investigated regarding CA combinations belonging to Class A4.  
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