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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 general coexistence table and study for the inter-modulation problems to other systems were agreed [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.
In this contribution, we analysed inter-modulation problems between CA_1A-5A UE and the connectivity radios (WLAN, BT etc. in ISM bands), positioning systems (GPS, Galileo, Glonass, Compass, etc) and Digital TV systems. And also we propose the additional ILs for CA_1A-5A UE.
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********************** Start of text proposal to TR 36.860 Chapter 6.2.1 ***********************
6.2.1	Inter-region OOBE requirements for Carrier Aggregation of Band 1 and Band 5  
Table 6.2.1-1: 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
	


 
6.2.1.1 List of specific combination issues 
6.2.1.1.1       Channel bandwidths per operating band for CA
Table 6.2.1.1.1-1: 2UL inter-band CA operating bands
	E-UTRA band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4MHz
	3MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz
	Bandwidth combination set

	CA_1A-5A
	1
	
	
	
	Yes
	
	
	0

	
	5
	
	
	
	Yes
	
	
	



6.2.1.1.2       Co-existence studies for CA_1A-5A with 2ULs
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 6.2.1.1.2-1. 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 6.2.1.1.2-1: 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 6.2.1.1.2-2 gives the inter-modulation 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 2/20/25/27/33/39 DL bands, and also 2-tone 3rd IMD products may have impact on the Band 22/42/43 DL bands. So we need to study the IMD level from CA 1A-5A UE to interested operating Bands, but Band 22/42/43 are far away from Band1 and Band 5, so we can assume that the UE front-end filter can effectively attenuate these IMD products.
Table 6.2.1.1.2-2: 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



For the connectivity radios (WLAN, BT etc. in ISM bands), positioning systems (GPS, Galileo, Glonass, Compass, etc) and Digital TV systems, RAN4 analyzed the impact of the IMD/Harmonic from dual-uplink CA transmission in table 6.2.1.1.2-3. From the analysis table, WLAN system has some harmonics problems by 3rd harmonics from each Band 1 and Band5 respectively. To solve this problem, RAN4 allows UE-to-UE coexistence measurements exceptions 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 of WLAN bands. 
Table 6.2.1.1.2-3: The IMD/Harmonic analysis to protect connectivity radios, positioning systems and DTV systems
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	No
	
	E2-L1-E1

	
	1260
	-
	1279
	No
	
	E6

	
	1192
	-
	1215
	No
	
	E5b

	Galileo
	1544
	-
	1545
	No
	
	SAR

	
	1559
	-
	1591
	No
	
	E2-L1-E1

	
	1260
	-
	1300
	No
	
	E6

	
	1164
	-
	1215
	No
	
	E5A-E5B

	GLONASS
	1591
	-
	1610
	No
	
	L1

	
	1240
	-
	1256
	No
	
	L2

	GPS
	1563
	-
	1587
	No
	
	L1

	
	1215
	-
	1237
	No
	
	L2

	
	1164
	-
	1192
	No
	
	L5

	WLAN 2.4GHz
	2400
	-
	2495
	Yes
	
	Band5 3rd harmonics

	WLAN 5GHz
	5150
	-
	5925
	Yes
	US
	Band1 3rd harmonics

	
	5150
	-
	5350
	No
	Europe
	

	
	5470
	-
	5725
	No
	
	

	
	5150
	-
	5825
	Yes
	Asia
	Band1 3rd harmonics

	Digital TV
	470
	-
	698
	No
	
	



6.2.1.1.3      ∆TIB and ∆RIB values
For the class A1 UE with 2ULs simultaneous transmission, additional insertion loss is introduced by diplexer, which can impact to the maximum output power and reference sensitivity level. Generated IMD products and harmonics from 2UL inter-band CA 1A-5A UE do not have impact on its own DL frequency bands. The insertion loss of the diplexer has been reported by the RF filter vendors as following table 6.2.1.1.3-1. 
Table 6.2.1.1.3-1: Reported ILs for CA_1A-5A diplexer
	E-UTRA bands
	IL (dB)
	IL (dB)
	IL (dB)
	IL (dB)
	IL (dB)

	1
	0.38
	0.66
	0.53
	0.41
	0.45

	5
	0.36
	0.49
	0.45
	0.35
	0.3



086
For the reported IL values there was no or only marginal difference for the Tx/Rx paths reported. With the average IL given as:
Table 6.2.1.1.3-2: Average Tx and Rx ILs for CA_1A-5A 
	Inter-band CA Configuration
	E-UTRA Band
	Tx IL  [dB]
	Rx   [dB]

	

	1
	0.49
	0.49

	
	5
	0.39
	0.39



Therefore, for the UE which supports CA_1A-5A the ΔTIB,c is defined for applicable bands in table 6.2.1.1.3-3.
Table 6.2.1.1.3-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 


	CA_1A-5A
	1
	0.3

	
	5
	0.3

	NOTE:	The values in the table reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses.



For the UE which supports CA_1A-5A the ΔRIB is defined for applicable bands in table 6.2.1.1.3-4.
Table 6.2.1.1.3-4: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB] 


	CA_1A-5A
	1
	0

	
	5
	0
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