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1	Introduction
In the RAN4-UE-RF-69AH meeting, it was endorsed to include IMD5 into 2UL inter-band CA Class A4 consideration [1]. The meantime, other higher order IMDs were discussed regarding UE self-desensitization concern. In this contribution, further study is discussed for IMD4, IMD6 and IMD7 analysis. 
2	Discussion
2.1 IMD and harmonic analysis table
When two PAs are transmitting simultaneously, Harmonics and intermodulation products could fall into UE own DL spectrum and desensitize receiver performance significantly, not only from IMD2 and IMD3, but also other orders of IMD. Previous study showed that higher order IMDs could impact on UE self- desensitization significantly [1]. In this contribution, a further analysis is discussed.
A table is established regarding IMD4, IMD6 and IMD7. It is realized that IMD products with the sum of frequency components would not cause self-desensitization, such as I 2 x fx + 2 x fy I or I 5 x fx +1x fy I for Band x and Band y. Therefore IMD products with the difference of frequency components are listed in Table 1, such as I 2 x fx - 2 x fy I and I 5 x fx - 1x fy I. This table also includes harmonics from 4th order to complete the table. 6th and 7th order harmonics are not included.

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	 
	 
	 
	 

	4th harmonics frequency limits
	4*fx_low
	4*fx_high
	4* fy_low
	4* fy_high

	4th harmonics frequency limits (MHz)
	 
	 
	 
	 

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	 
	 

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high – 2*fy_low|

	IMD frequency limits (MHz)
	  

	Two-tone 6th order IMD products
	|5*fx_low –1* fy_high|
	|5*fx_high – 1*fy_low|
	|5*fy_low – 1*fx_high|
	|5*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	 
	 
	 
	 

	Two-tone 6th order IMD products
	|4*fx_low - 2* fy_high|
	|4*fx_high - 2* fy_low|
	|4*fy_low - 2*fx_high|
	|4*fy_high - 2*fx_low|

	IMD frequency limits (MHz)
	 
	 
	 
	 

	Two-tone 6th order IMD products
	|3*fx_low –3* fy_high|
	|3*fx_high – 3*fy_low|

	IMD frequency limits (MHz)
	  

	Two-tone 7th order IMD products
	|6*fx_low –1* fy_high|
	|6*fx_high – 1*fy_low|
	|6*fy_low – 1*fx_high|
	|6*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	 
	 
	 
	 

	Two-tone 7th order IMD products
	|5*fx_low - 2* fy_high|
	|5*fx_high - 2* fy_low|
	|5*fy_low - 2*fx_high|
	|5*fy_high - 2*fx_low|

	IMD frequency limits (MHz)
	 
	 
	 
	 

	Two-tone 7th order IMD products
	|4*fx_low –3* fy_high|
	|4*fx_high – 3*fy_low|
	|4*fy_low – 3*fx_high|
	|4*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	 
	 
	 
	 


Table 1: Band x and Band y UL higher order harmonics and IMD products
2.2 2UL inter-band CA spectrum analysis
Table 2 is used for existing 2UL inter-band CA combination. Table 2 shows the self-desens affected band combination from IMD4, IMD6 and IMD7. 
	Class
	Band Combination
	DL impacted by IMDs

	
	
	IMD4
	IMD6
	IMD7

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

	
	
	B1+B19
	Yes
	 
	 

	
	
	B3+B20
	Yes
	 
	Yes

	
	
	B7 +B28
	 
	 
	 

	
	A2
	B3+B8
	Yes
	 
	Yes

	
	
	B4+B12
	Yes
	 
	 

	
	
	B4+B17
	 
	 
	 

	
	A3
	B1+B7
	 
	Yes
	 

	
	
	B3+B7
	Yes
	Yes
	 

	
	
	B4+B7
	 
	 
	 

	
	
	B5+B12
	 
	 
	 

	
	
	B5+B17
	 
	 
	 

	
	A4
	B2+B4
	 
	 
	Yes

	
	
	B3+B5
	Yes
	 
	 

	
	
	B3+B19
	Yes
	 
	Yes

	
	
	B3+B26
	Yes
	 
	 

	
	
	B5+B7
	 
	 
	 

	
	
	B7+B20
	 
	 
	Yes

	
	A5
	B1+B21
	 
	Yes
	 

	
	
	B19+B21
	 
	 
	 


Table 2: Higher order IMD impact on self-downlink 
3	Conclusion
This contribution proposes to include a table analysing higher order harmonic and intermodulation analysis for 2UL inter-band CA combinations up to 7th order. Also, a summary of impacted band combinations is presented from existing 2UL inter-band CA combinations. An associated text proposal is attached.
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********************** Start of text proposal to TR 36.860 Chapter 5.2.4.3 ***********************
5.2.4.3 Impact to DL performance
Cross-modulation is always close to own uplink. Thus the cross-modulation power can cause performance degradation to own downlink for the CA bands that have very narrow TX-RX gap. In these cases the cross-modulation could reach on top of the downlink or very close to the downlink. More work is needed to fully evaluate impact to DL performance.
OBSERVATION 4: More work is needed to fully evaluate the impact to DL performance
When two PAs are transmitting simultaneously, Harmonics and intermodulation products could fall into UE own DL spectrum and desensitize receiver performance significantly, not only from IMD2 and IMD3, but also other orders of IMD.
A table is established regarding IMD4, IMD6 and IMD7. It is realized that IMD products with the sum of frequency components would not cause self-desensitization, such as I 2 x fx + 2 x fy I or I 5 x fx +1x fy I for Band x and Band y. Therefore IMD products with the difference of frequency components are listed in Table 1, such as I 2 x fx - 2 x fy I and I 5 x fx - 1x fy I. This table also includes harmonics from 4th order to complete the table. 6th and 7th order harmonics are not included.

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	 
	 
	 
	 

	4th harmonics frequency limits
	4*fx_low
	4*fx_high
	4* fy_low
	4* fy_high

	4th harmonics frequency limits (MHz)
	 
	 
	 
	 

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	 
	 

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high – 2*fy_low|

	IMD frequency limits (MHz)
	  

	Two-tone 6th order IMD products
	|5*fx_low –1* fy_high|
	|5*fx_high – 1*fy_low|
	|5*fy_low – 1*fx_high|
	|5*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	 
	 
	 
	 

	Two-tone 6th order IMD products
	|4*fx_low - 2* fy_high|
	|4*fx_high - 2* fy_low|
	|4*fy_low - 2*fx_high|
	|4*fy_high - 2*fx_low|

	IMD frequency limits (MHz)
	 
	 
	 
	 

	Two-tone 6th order IMD products
	|3*fx_low –3* fy_high|
	|3*fx_high – 3*fy_low|

	IMD frequency limits (MHz)
	  

	Two-tone 7th order IMD products
	|6*fx_low –1* fy_high|
	|6*fx_high – 1*fy_low|
	|6*fy_low – 1*fx_high|
	|6*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	 
	 
	 
	 

	Two-tone 7th order IMD products
	|5*fx_low - 2* fy_high|
	|5*fx_high - 2* fy_low|
	|5*fy_low - 2*fx_high|
	|5*fy_high - 2*fx_low|

	IMD frequency limits (MHz)
	 
	 
	 
	 

	Two-tone 7th order IMD products
	|4*fx_low –3* fy_high|
	|4*fx_high – 3*fy_low|
	|4*fy_low – 3*fx_high|
	|4*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	 
	 
	 
	 


Table 5.2.4.3-1: Band x and Band y UL higher order harmonics and IMD products
Table 5.2.4.3-2 shows the self-desens affected band combination from IMD4, IMD6 and IMD7, based on available 2UL inter-band combination from RAN#62 plenary. 


	Class
	Band Combination
	DL impacted by IMDs

	
	
	IMD4
	IMD6
	IMD7

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

	
	
	B1+B19
	Yes
	 
	 

	
	
	B3+B20
	Yes
	 
	Yes

	
	
	B7 +B28
	 
	 
	 

	
	A2
	B3+B8
	Yes
	 
	Yes

	
	
	B4+B12
	Yes
	 
	 

	
	
	B4+B17
	 
	 
	 

	
	A3
	B1+B7
	 
	Yes
	 

	
	
	B3+B7
	Yes
	Yes
	 

	
	
	B4+B7
	 
	 
	 

	
	
	B5+B12
	 
	 
	 

	
	
	B5+B17
	 
	 
	 

	
	A4
	B2+B4
	 
	 
	Yes

	
	
	B3+B5
	Yes
	 
	 

	
	
	B3+B19
	Yes
	 
	Yes

	
	
	B3+B26
	Yes
	 
	 

	
	
	B5+B7
	 
	 
	 

	
	
	B7+B20
	 
	 
	Yes

	
	A5
	B1+B21
	 
	Yes
	 

	
	
	B19+B21
	 
	 
	 


Table 5.2.4.3-2: Higher order IMD impact on self-downlink 

5.2.5		Transmit power
********************** End of text proposal ***********************






