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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]. Based on previous RAN4 agreement, a TP is proposed to address above self-desensitization from IMD2-5 in TR 36.860. 
2	IMD and harmonic analysis
When two transmitters are transmitting simultaneously, two uplinks would generate intermodulation products and harmonics at multiple places at front-end of the transceiver. When harmonics and intermodulation products fall into UE self DL spectrum, they may desensitize receiver performance significantly for existing H/H, L/L and H/L band combinations. Initially, only 2nd and 3rd orders of harmonics and IMDs have been considered for UE self-desensitization. However, further studies have shown that 4th and 5th orders of IMDs may also cause relevant self-desensitization. The meanwhile, 3rd order harmonics is the highest order that needs to be considered for FDD 2UL inter-band CA, due to FDD band spectrum allocation. Therefore, a table is established to examine 2UL inter-band CA harmonics up to 3rd order and IMDs up to 5th order, as presented in Table 2-1. One thing worth mentioning is that this table is intended to examine on LTE band level. Once a CA combination is identified as the one with harmonics and/or IMDs in the DL band(s), further investigation is required for identifying if this specific CA combination would be impacted by self-desensitization based on its spectrum allocation/deployment. Further identification, such as MSD, needs to be investigated, based on individual CA case.
Table 2-1: Band x and Band y UL higher order harmonics and IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	 
	 
	 
	 

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	–
	–

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	–
	–

	Two tone 2nd order IMD products
	|fx_low – fy_high|
	|fx_high – fy_low|

	IMD frequency limits (MHz)
	–

	Two-tone 3rd order IMD products
	|2*fx_low – 1*fy_high|
	|2*fx_high – 1*fy_low|
	|2*fy_low – 1*fx_high|
	|2*fy_high – 1*fx_low|

	IMD 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 5th order IMD products
	|4*fx_low – 1*fy_high|
	|4*fx_high – 1*fy_low|
	|4*fy_low – 1*fx_high|
	|4*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 5th order IMD products
	|3*fx_low – 2*fy_high|
	|3*fx_high – 2*fy_low|
	|3*fy_low – 2*fx_high|
	|3*fy_high – 2*fx_low|

	IMD frequency limits (MHz)
	–
	–



It is realized that IMD products with the sum of frequency components would not cause self-desensitization, such as 2xfx + 1xfy or 3xfx +1xfy for Band x and Band y. Therefore only IMD products with the difference of frequency components are listed in Table 1, such as I 2xfx - 1xfy I and I 3xfx - 1xfy I. 
A thorough examination is conducted by applying Table 2-1 to existing 2UL inter-band CA combinations. Table 2-2 lists the information of CA combinations where harmonics and IMDs can fall into its own downlink band(s). The information listed in Table 5.2.9-2 is based on general band-to-band analysis. When IMD issue is not identified with specific FDD spectrum deployment, this table could be updated with further study.
Table 2-2: IMDs and harmonics in downlink bands
	Class
	Band Combination
	Harmonics in DL band
	IMDs in DL band(s) 

	
	
	H2
	H3
	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
	 
	 
	Yes
	 

	
	
	B4+B17
	 
	Yes
	 
	 
	 
	 

	
	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
	 
	 
	 
	 
	 
	 



3	Conclusion
This contribution proposes to add UE self-desensitization analysis from harmonics and intermodulation for 2UL inter-band CA to TR 36.860. 
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Text proposal for TR 36.860
********************** Start of text proposal to TR 36.860 Chapter 5.2.8.4 ***********************
5.2.8.4		Analysis of affected operating bands for dual uplink CA band combinations
Tables below list all the affected operating bands due to harmonic and IMD products for CA class A1 to A5. Operating bands marked in red color are those protected bands belong to Band X or Band Y for CA_X-Y in the UE to UE co-existence table 6.6.3.2-1 in [5].
Table 5.2.8.4-1: Affected operating bands due to harmonic and IMD products for CA class A1
	E-UTRA CA band
	Affected operating bands
	Note

	CA_1-5
	-
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	-
	IM2

	
	E-UTRA Band 22, 42, 43
	IM3

	
	E-UTRA Band 11
	IM5

	CA_3-20
	E-UTRA Band 22, 42
	2nd Harmonics

	
	E-UTRA Band 38, 41
	3rd Harmonics

	
	E-UTRA Band 5, 7, 8, 18, 19, 26, 27, 38, 41
	IM2

	
	E-UTRA Band 7, 38, 41, 42
	IM3

	
	E-UTRA Band 5, 8, 18, 19, 22, 24, 26, 27, 42, 43
	IM5

	CA_1-19
	-
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	-
	IM2

	
	E-UTRA Band 22, 42, 43
	IM3

	
	-
	IM5

	CA_7-28
	E-UTRA Band 11, 21
	2nd Harmonics

	
	E-UTRA Band 1, 4, 10, 23
	3rd Harmonics

	
	E-UTRA Band 3
	IM2

	
	-
	IM3

	
	E-UTRA Band 31
	IM5



Table 5.2.8.4-2: Affected operating bands due to harmonic and IMD products for CA class A2
	E-UTRA CA band
	Affected operating bands
	Note

	CA_3-8
	E-UTRA Band 3, 22, 42
	2nd Harmonics

	
	E-UTRA Band 7, 41
	3rd Harmonics

	
	E-UTRA Band 5, 7, 18, 19, 20, 26, 27, 28, 38, 41, 44
	IM2

	
	E-UTRA Band 7, 22, 38, 41, 42, 43
	IM3

	
	E-UTRA Band 2, 3, 5, 8, 9, 12, 13, 14, 17, 18, 19, 20, 22, 25, 26, 27, 28, 29, 33, 35, 36, 37, 39, 42, 44
	IM5

	CA_4-12
	E-UTRA Band 42
	2nd Harmonics

	
	E-UTRA Band 1, 4, 10
	3rd Harmonics

	
	-
	IM2

	
	-
	IM3

	
	E-UTRA Band 43
	IM5

	CA_4-17
	E-UTRA Band 42
	2nd Harmonics

	
	E-UTRA Band 1, 4, 10
	3rd Harmonics

	
	-
	IM2

	
	-
	IM3

	
	E-UTRA Band 43
	IM5



Table 5.2.8.4-3: Affected operating bands due to harmonic and IMD products for CA class A3
	E-UTRA CA band
	Affected operating bands
	Note

	CA_1-7
	-
	2nd Harmonics

	
	-
	3rd Harmonics

	
	-
	IM2

	
	-
	IM3

	
	E-UTRA Band 8, 12, 13, 14, 17, 18, 19, 20, 22, 26, 27, 28, 29, 42, 43, 44
	IM5

	CA_3-7
	E-UTRA Band 22, 42
	2nd Harmonics

	
	-
	3rd Harmonics

	
	E-UTRA Band 12, 13, 14, 17, 20, 26, 27, 28, 29, 44
	IM2

	
	E-UTRA Band 5, 8, 18, 19, 26, 27, 42
	IM3

	
	-
	IM5

	CA_4-7
	E-UTRA Band 42
	2nd Harmonics

	
	-
	3rd Harmonics

	
	E-UTRA Band 12, 13, 14, 17, 20, 26, 27, 28, 44
	IM2

	
	E-UTRA Band 5, 6, 8, 18, 19, 26, 27, 42
	IM3

	
	-
	IM5

	CA_5-12
	-
	2nd Harmonics

	
	E-UTRA Band 1, 4, 10, 41
	3rd Harmonics

	
	E-UTRA Band 24
	IM2

	
	E-UTRA Band 8, 30, 40
	IM3

	
	E-UTRA Band 2, 7, 25, 31, 34, 36, 38, 41, 43
	IM5

	CA_5-17
	-
	2nd Harmonics

	
	E-UTRA Band 1, 4, 10, 41
	3rd Harmonics

	
	E-UTRA Band 24
	IM2

	
	E-UTRA Band 8, 30, 40
	IM3

	
	E-UTRA Band 2, 7, 25, 31, 34, 36, 38, 41, 43
	IM5



Table 5.2.8.4-4: Affected operating bands due to harmonic and IMD products for CA class A4
	E-UTRA CA band
	Affected operating bands
	Note

	CA_3-5
	E-UTRA Band 22, 42
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	E-UTRA Band 5, 6, 7, 8, 18, 19, 26, 27, 38, 41
	IM2

	
	E-UTRA Band 7, 38, 41, 42
	IM3

	
	E-UTRA Band 5, 6, 8, 18, 19, 22, 24, 26, 42, 43
	IM5

	CA_7-20
	-
	2nd Harmonics

	
	E-UTRA Band 38, 41
	3rd Harmonics

	
	E-UTRA Band 42
	IM2

	
	E-UTRA Band 5, 18, 19, 20, 26, 27, 28, 44
	IM3

	
	E-UTRA Band 5, 7, 8, 14, 18, 19, 20, 26, 27, 28, 38, 41, 44
	IM5

	CA_3-26
	E-UTRA Band 22, 42
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	E-UTRA Band 5, 6, 7, 8, 18, 19, 26, 27, 38, 41
	IM2

	
	E-UTRA Band 7, 38, 41, 42
	IM3

	
	E-UTRA Band 5, 6, 8, 11, 18, 19, 21, 22, 24, 26, 42, 43
	IM5

	CA_3-19
	E-UTRA Band 22, 42
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	E-UTRA Band 5, 6, 7, 8, 18, 19, 26, 27, 38, 41
	IM2

	
	E-UTRA Band 7, 38, 41, 42
	IM3

	
	E-UTRA Band 5, 8, 19, 22, 24, 26, 41, 42, 43
	IM5

	CA_2-4
	E-UTRA Band 42, 43
	2nd Harmonics

	
	-
	3rd Harmonics

	
	E-UTRA Band 22, 42, 43
	IM2

	
	E-UTRA Band 2, 21, 24, 25, 34, 36
	IM3

	
	E-UTRA Band 1, 4, 10, 11, 21, 23, 24, 40
	IM5

	CA_5-7
	-
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	E-UTRA Band 42
	IM2

	
	E-UTRA Band 5, 18, 19, 20, 26, 27, 28, 44
	IM3

	
	E-UTRA Band 5, 7, 12, 13, 14, 17, 18, 19, 20, 26, 27, 28, 29, 38, 41, 44
	IM5



Table 5.2.8.4-5: Affected operating bands due to harmonic and IMD products for CA class A5
	E-UTRA CA band
	Affected operating bands
	Note

	CA_1-21
	-
	2nd Harmonics

	
	-
	3rd Harmonics

	
	E-UTRA Band 31, 42
	IM2

	
	E-UTRA Band 8, 40, 41
	IM3

	
	E-UTRA Band 31
	IM5

	CA_19-21
	-
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	E-UTRA Band 40
	IM2

	
	E-UTRA Band 43
	IM3

	
	E-UTRA Band 2, 3, 7, 9, 25, 33, 35, 36, 37, 39, 41
	IM5



5.2.9 Dual uplink Intermodulation and harmonics analysis for UE self-downlink performance   
When two transmitters are transmitting simultaneously, two uplinks would generate intermodulation products and harmonics at multiple places at front-end of the transceiver. When harmonics and intermodulation products fall into UE self DL spectrum, they may desensitize receiver performance significantly for existing H/H, L/L and H/L band combinations. Initially, only 2nd and 3rd orders of harmonics and IMDs have been considered for UE self-desensitization. However, further studies have shown that 4th and 5th orders of IMDs may also cause relevant self-desensitization. The meanwhile, 3rd order harmonics is the highest order that needs to be considered for FDD 2UL inter-band CA, due to FDD band spectrum allocation. Therefore, a table is established to examine 2UL inter-band CA harmonics up to 3rd order and IMDs up to 5th order, as presented in Table 2-1. One thing worth mentioning is that this table is intended to examine on LTE band level. Once a CA combination is identified as the one with harmonics and/or IMDs in the DL band(s), further investigation is required for identifying if this specific CA combination would be impacted by self-desensitization based on its spectrum allocation/deployment. Further identification, such as MSD, needs to be investigated, based on individual CA case.
Table 2-1: Band x and Band y UL higher order harmonics and IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	 
	 
	 
	 

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	–
	–

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	–
	–

	Two tone 2nd order IMD products
	|fx_low – fy_high|
	|fx_high – fy_low|

	IMD frequency limits (MHz)
	–

	Two-tone 3rd order IMD products
	|2*fx_low – 1*fy_high|
	|2*fx_high – 1*fy_low|
	|2*fy_low – 1*fx_high|
	|2*fy_high – 1*fx_low|

	IMD 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 5th order IMD products
	|4*fx_low – 1*fy_high|
	|4*fx_high – 1*fy_low|
	|4*fy_low – 1*fx_high|
	|4*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 5th order IMD products
	|3*fx_low – 2*fy_high|
	|3*fx_high – 2*fy_low|
	|3*fy_low – 2*fx_high|
	|3*fy_high – 2*fx_low|

	IMD frequency limits (MHz)
	–
	–



It is realized that IMD products with the sum of frequency components would not cause self-desensitization, such as 2xfx + 1xfy or 3xfx +1xfy for Band x and Band y. Therefore only IMD products with the difference of frequency components are listed in Table 1, such as I 2xfx - 1xfy I and I 3xfx - 1xfy I. 
A thorough examination is conducted by applying Table 2-1 to existing 2UL inter-band CA combinations. Table 2-2 lists the information of CA combinations where harmonics and IMDs can fall into its own downlink band(s). The information listed in Table 5.2.9-2 is based on general band-to-band analysis. When IMD issue is not identified with specific FDD spectrum deployment, this table could be updated with further study.
Table 2-2: IMDs and harmonics in downlink bands
	Class
	Band Combination
	Harmonics in DL band
	IMDs in DL band(s) 

	
	
	H2
	H3
	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
	 
	 
	Yes
	 

	
	
	B4+B17
	 
	Yes
	 
	 
	 
	 

	
	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
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