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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the RAN Plenary #59 meetings, the study for the LTE-A dual uplink inter-band CA is approved. And the skeleton of technical report 36.8xx was discussed in e-mail reflectors [1]. 
The objective of work item on dual uplink inter-band CA is to gather the relevant background information and studies in order to address Dual Uplink Inter-band Carrier Aggregation requirements according to the CA class1 to 5.
In this contribution, we provide the harmonics and IMD analysis for B1+B5 CA_1A-5A UE with 2ULs. And then we will further study for spurious emission for UE-to-UE coexistence requirements.
2. Study for UE-to-UE coexistence for 2UL Band 1 + 5 inter-band CA
In this section, we provide UE-to-UE coexistence requirements for the protected bands in cross-region between Band 1 and Band 5. As you know that operating Band 1 and Band 5 are deployed in some countries (Brazil, South Korea, Australia and New Zealand and others) so, we think that the protected bands restricted to protect B1,3,5,7,8,26,27,28,38,40 and 43 in both Band and Band 5 are deployed regions[2].
Table 1: 2UL inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex
mode

	
	
	BS receive / UE transmit
	Channel BW (MHz)
	BS transmit / UE receive
	Channel BW (MHz)
	

	
	
	FUL_low   –  FUL_high
	
	FUL_low   –  FUL_high
	
	

	CA_1-5
	1
	1920 MHz
	–
	1980 MHz
	10
	2110 MHz
	–
	2170 MHz
	10
	FDD

	
	5
	824 MHz
	–
	849 MHz
	10
	869 MHz
	–
	894 MHz
	10
	



Table 1 show the operating bands of the CA_1A-5A UE.
Band 1 UE is operated for Europe and/or Asia regions, and Band 5 UE is deployed for North/South America regions. The protected bands of each region are displayed in the table 2 and 3. 
Table 2: Protected bands for Band 1 UE
	E-UTRA  Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	1
	E-UTRA Band 1, 7, 8, 11, 18, 19, 20, 21, 22, 26, 27, 28, 38, 40, 42, 43, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	Frequency range (B 39)
	1880
	
	1895
	-40
	1
	15,27

	
	Frequency range (B 33/39)
	1895
	
	1915
	-15.5
	5
	15,27

	
	Frequency range (B 33/39)
	1915
	
	1920
	+1.6
	5
	15,27

	
	Frequency range (PHS Band)
	1884.5
	-
	1915.7
	-41
	0.3
	6, 8, 15

	
	Frequency range (B 9)
	1839.9
	-
	1879.9
	-50
	1
	15



Table 3: Protected bands for Band 5 UE
	E-UTRA  Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	5
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 22, 23, 24, 25, 28, 29,42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 26
	859
	-
	869
	-27
	1
	


For the Band 27, if conventional Band 5 UE satisfies the SEM requirement and then SE for UE-to-UE co-existence is ignored.

We analyze IMD and harmonics from 2UL inter-band CA 1A-5A UE in figure 1~4. Figure 1 show the adjacent operating band from Band 5 in South Korea. 


Figure 1 Spectrum allocations around Band5 in Korea
Figure 2 show the adjacent operating band from Band 1 in South Korea.

 
Figure 2 Spectrum allocations around Band1 in Korea


Figure 3 Spectrum allocations around Band5 in Brazil and Australia


Figure 4 Spectrum allocations around Band1 in Brazil and Australia
From the above proposal1 and figure 1~4, we can see the protected band for CA 1A-5A UE that are combined bands in the same areas where both Band 1 and Band 5 are operated. So we analyze the legacy UE-to-UE coexistence requirements for 1 UL CA case as below.
·  Co-existence issues in Asia and South America
i) For the case of Band1 UL (1920-1980MHz) are used :
· B3 DL (1805-1880MHz) : 40MHz GAP case  -50dBm/MHz 
· B40 (2300-2400MHz) : 320MHz GAP case  -50dBm/MHz 
· Others cases (B1/5/7/8/26/27/28/38/43) : No IMD  -50dBm/MHz
ii) For the case of Band5 UL (824-849MHz) are used:
· B8 DL (925-960MHz) : 76MHz GAP case  -50dBm/MHz    (no requirements)
· B26 DL (859-894MHz) : 10MHz GAP case  -27 dBm/MHz (legacy requirements)
· B27 DL (852-869MHz) : 3MHz GAP case  include SEM area  ignore SE
· B28 DL (758-803MHz) : 21MHz GAP case  -50dBm/MHz (So tight  if necessary, can be changed)
· Other cases (B1/3/5/7/38/40/43) : No IMD  -50dBm/MHz
For the analysis of 2UL inter-band CA 1A-5A UE, we should study and analyze the inter-modulation products and harmonics products when both Band 1 and Band 5 with 2ULs are transmitting. 
The combination of Band 1 and Band 5 has harmonics frequencies that are far away from the components receive and transmit frequencies, in the UL and in the DL of the CA combination, as shown in table 5. So there was no harmonic issue except Band 41. In the conventional SE for UE-to-UE coexistence requirements, the 3rd harmonics of Band 5 UE already fall into B41 DL band, but exceptions for SE measurements are permitted if there is at least one individual RB within the transmission bandwidth for which the 2nd, 3rd or 4th harmonic totally or partially overlaps the measurement bandwidth (MBW) [3].  And also, Band 41 is not defined as protected band when both Band1 and Band5 are operating.
Table 5: 2 UL B1 + B5 harmonic products
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1920
	1980
	824
	849

	2nd order harmonics frequency range (MHz)
	3840 to 3960
	1648 to 1698

	3rd order harmonics frequency range (MHz)
	5760 to 5940
	2472 to 2547



Table 6 gives the intermodulation products for CA_1A-5A UE with 2 ULs. None of the IMD products fall into the own CA_1A-5A UE receive bands.  But, the 3-tone 3rd IMD products may fall into the Band 27 DL band, and also 2-tone 3rd IMD products may have impact on the Band 43 DL band. So we need to study the IMD level from CA 1A-5A UE to Band 27 DL bands, but Band 43 is far away from Band1 and Band 5, so we can assume that the UE front-end filter can effectively attenuate these IMD products for Band 43.
Table 6: 2 ULs B1 + B5 IMD products
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1920
	1980
	824
	849

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

	IMD frequency range (MHz)
	1071 to 1156
	2744 to 2829

	
	
	

	Two-tone 3rd order IMD products
	|2*f1_low – f2_high|
	|2*f1_high – f2_low|
	|2*f2_low – f1_high|
	|2* f2_high – f1_low|

	IMD frequency range (MHz)
	2991 to 3136
	222 to 332

	

	Three-tone 3rd order IMD products
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency range (MHz)
	1910 to 1990
	814 to 859

	
	
	

	Two-tone 3rd order IMD products
	(2*f1_low +f2_low)
	(2*f1_high + f2_high)
	(2*f2_low + f1_low)
	(2* f2_high + f1_high)

	IMD frequency range (MHz)
	4664 to 4809
	3568 to 3678



From the analysis, we propose the SE for UE-to-UE coexistence requirements for CA_1A-5A UE with 2ULs as below
· Co-existence issues in Asia and South America
i) For 2ULs within Band1 UL (1920-1980MHz) + Band 5 UL (824-849MHz):
· B26 DL (859-894MHz) : 10MHz GAP case  -27 dBm/MHz (legacy requirements)
· B27 DL (852-869MHz) : 3MHz GAP case  include SEM area  if satisfy the SEM requirements can be ignored SE requirements, but if do not satisfy the SEM, need to relax the SE or SEM requirements.
· B28 DL (758-803MHz) : 21MHz GAP case  current requirements with -50dBm/MHz, but if necessary, can be relaxed to -37dBm/MHz or -40dBm/MHz
· Other cases (B1/3/5/7/8/38/40/43) : No IMD  -50dBm/MHz

3. Conclusions
	In this contribution we provided the harmonics and IMD analysis for B1+B5 CA_1A-5A UE with 2ULs. And also we initiated further discussion for SE requirements of Band 26, 27 and 28 from CA_1A-5A UE.
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