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Introduction
The WIs for two simultaneous ULs for inter-band CA were approved in RAN #59 and are mapped in five inter-band classes [1]:

· A1: Low-high band combination without harmonic relation between bands or intermodulation problem

· 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, low-high or high-high band combination with intermodulation problem (low order IM)

· A5: Combinations not classified in A1-A4

The 2UL inter-band CA class depends on the combined frequencies and if there are IMD problems into the own receiving band, [2], [3]. This input analysis the IMD for the European inter-band CA combinations with 2ULs for:
· B3 + B7

· B3 + B20

· B7 + B20

Similar analysis for these combinations was already done in TR 36.850 for 2DLs and 2ULs. 
IMD analysis
Table 1 lists the protected bands / spectrum for UE co-existence (Table 6.6.3.2-1 in TS 36.101) which are affected by 2nd and/or 3rd-order IMD for B3 + B7 inter-band CA with two simultaneous ULs. For this band combination there is no IMD problem into the own receiving bands. Therefore this combination is also for 2ULs an A3 inter-band CA class.
Table 1: 2ULs B3 + B7 IMD study for UE protected bands
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1710
	1785
	2500
	2570

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	2nd order IMD frequency range (MHz)
	715 to 860
	4210 to 4355

	Protected bands / spectrum affected by IM2
	B3 protected DL bands: 20  26  27  28  44
B7 protected DL bands: 20  27  28  29

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
&

(2*f1_low + f2_low)
	(2*f1_high – f2_low(
&

(2*f1_high + f2_high)
	(2*f2_low – f1_high(
&

(2*f2_low + f1_low)
	(2* f2_high – f1_low(
&

(2*f1_high + f2_high)

	3rd order IMD frequency range (MHz)
	850 to 1070
5920 to 6140
	3215 to 3430
6710 to 6925

	Protected bands / spectrum affected by IM3
	B3 protected DL bands: 8  18  19  26  27  42
B7 protected DL bands: 8  27  42


Table 2 lists the protected bands / spectrum for UE co-existence which are affected by 2nd and/or 3rd-order IMD for B3 + B20 inter-band CA with two simultaneous ULs. For this band combination there is no IMD problem into the own receiving bands. Therefore this combination is also for 2ULs an A1 inter-band CA class.
Table 2: 2ULs B3 + B20 IMD study for UE protected bands
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	832
	862
	1710
	1785

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	2nd order IMD frequency range (MHz)
	848 to 953
	2542 to 2647

	Protected bands / spectrum affected by IM2
	B3 protected DL bands: 7   8  18  19  26  27  38
B20 protected DL bands: 7  8

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
&

(2*f1_low + f2_low)
	(2*f1_high – f2_low(
&

(2*f1_high + f2_high)
	(2*f2_low – f1_high(
&

(2*f2_low + f1_low)
	(2* f2_high – f1_low(
&

(2*f1_high + f2_high)

	3rd order IMD frequency range (MHz)
	0 to 121

3374 to 3509
	2558 to 2738

4252 to 4432

	Protected bands / spectrum affected by IM3
	B3 protected DL bands: 7  38  42
B20 protected DL bands: 7


Table 3 lists the protected bands / spectrum for UE co-existence which are affected by 2nd and/or 3rd-order IMD for B7 + B20 inter-band CA with two simultaneous ULs. For this band combination IM3 products fall into the own receiving band (Band 20). Therefore this combination will be for 2ULs an A4 inter-band CA class.

Table 2: 2ULs B7 + B20 IMD study for UE protected bands
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	832
	862
	2500
	2570

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	2nd order IMD frequency range (MHz)
	1638 to 1738
	3332 to 3432

	Protected bands / spectrum affected by IM2
	B7 protected DL bands: 42
B20 protected DL bands: -

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
&

(2*f1_low + f2_low)
	(2*f1_high – f2_low(
&

(2*f1_high + f2_high)
	(2*f2_low – f1_high(
&

(2*f2_low + f1_low)
	(2* f2_high – f1_low(
&

(2*f1_high + f2_high)

	3rd order IMD frequency range (MHz)
	776 to 906
4164 to 4294
	4138 to 4308
5832 to 6002

	Protected bands / spectrum affected by IM3
	B7 protected DL bands: 20
B20 protected DL bands: 20  27  28
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6.1
Class A1: Low-high band combination without harmonic relation between bands or intermodulation problem
6.1.1
LTE inter-band carrier aggregation of Band 3 and Band 20
Co-existence studies for 2 UL/2 DL

Table 6.1.1-1 lists the protected bands / spectrum for UE co-existence which are affected by 2nd and/or 3rd-order IMD for B3 + B20 inter-band CA with two simultaneous ULs. For this band combination there is no IMD problem into the own receiving bands. Therefore this combination is also for 2ULs an A1 inter-band CA class.

Table 6.1.1-1: 2ULs B3 + B20 IMD study for UE protected bands
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	832
	862
	1710
	1785

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	2nd order IMD frequency range (MHz)
	848 to 953
	2542 to 2647

	Protected bands / spectrum affected by IM2
	B3 protected DL bands: 7   8  18  19  26  27  38

B20 protected DL bands: 7  8

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
&

(2*f1_low + f2_low)
	(2*f1_high – f2_low(
&

(2*f1_high + f2_high)
	(2*f2_low – f1_high(
&

(2*f2_low + f1_low)
	(2* f2_high – f1_low(
&

(2*f1_high + f2_high)

	3rd order IMD frequency range (MHz)
	0 to 121

3374 to 3509
	2558 to 2738

4252 to 4432

	Protected bands / spectrum affected by IM3
	B3 protected DL bands: 7  38  42

B20 protected DL bands: 7


6.2
Class A2: Low-high band combination with harmonic relation between bands
6.2.1
LTE inter-band carrier aggregation of Band 3 and Band 20
Co-existence studies for 2 UL/2 DL
6.3
Class A3: Low-low or high-high band combination without intermodulation problem (low order IM)
6.3.1
LTE inter-band carrier aggregation of Band 3 and Band 7
Co-existence studies for 2 UL/2 DL

Table 6.3.1-1 lists the protected bands / spectrum for UE co-existence (Table 6.6.3.2-1 in TS 36.101) which are affected by 2nd and/or 3rd-order IMD for B3 + B7 inter-band CA with two simultaneous ULs. For this band combination there is no IMD problem into the own receiving bands. Therefore this combination is also for 2ULs an A3 inter-band CA class.

Table 6.3.1-1: 2ULs B3 + B7 IMD study for UE protected bands
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1710
	1785
	2500
	2570

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	2nd order IMD frequency range (MHz)
	715 to 860
	4210 to 4355

	Protected bands / spectrum affected by IM2
	B3 protected DL bands: 20  26  27  28  44

B7protected DL bands: 20  27  28  29

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
&

(2*f1_low + f2_low)
	(2*f1_high – f2_low(
&

(2*f1_high + f2_high)
	(2*f2_low – f1_high(
&

(2*f2_low + f1_low)
	(2* f2_high – f1_low(
&

(2*f1_high + f2_high)

	3rd order IMD frequency range (MHz)
	850 to 1070
5920 to 6140
	3215 to 3430
6710 to 6925

	Protected bands / spectrum affected by IM3
	B3 protected DL bands: 8  18  19  26  27  42

B7 protected DL bands: 8  27  42


6.4
Class A4: Low-low, low-high or high-high band combination with intermodulation problem (low order IM)
6.4.1
LTE inter-band carrier aggregation of Band 7 and Band 20
Co-existence studies for 2 UL/2 DL

Table 6.4.1-1 lists the protected bands / spectrum for UE co-existence which are affected by 2nd and/or 3rd-order IMD for B7 + B20 inter-band CA with two simultaneous ULs. For this band combination IM3 products fall into the own receiving band (Band 20). Therefore this combination will be for 2ULs an A4 inter-band CA class.

Table 6.4.1-1: 2ULs B7 + B20 IMD study for UE protected bands
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	832
	862
	2500
	2570

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	2nd order IMD frequency range (MHz)
	1638 to 1738
	3332 to 3432

	Protected bands / spectrum affected by IM2
	B7 protected DL bands: 42
B20 protected DL bands: -

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
&

(2*f1_low + f2_low)
	(2*f1_high – f2_low(
&

(2*f1_high + f2_high)
	(2*f2_low – f1_high(
&

(2*f2_low + f1_low)
	(2* f2_high – f1_low(
&

(2*f1_high + f2_high)

	3rd order IMD frequency range (MHz)
	776 to 906
4164 to 4294
	4138 to 4308
5832 to 6002

	Protected bands / spectrum affected by IM3
	B7 protected DL bands: 20
B20 protected DL bands: 20  27  28


6.5
Class A5: Combinations not classified in A1-A4
6.5.1
LTE inter-band carrier aggregation of Band 3 and Band 20
Co-existence studies for 2 UL/2 DL
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