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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the last RAN4 #67 meetings, some interested companies provided the active/passive IMD analysis for 2ULs inter-band CA UE [1][2][3], which states that inter-modulation will not violate -50dBm/1MHz UE-to-UE co-existence emission limit. But in some CA classes, 2ULs CA UE has an impact on the IMD problems to meet the 1UL UE-to-UE co-existence emission limits. So WF was not agreed in the last RAN4 meeting. 
In this contribution, we propose the general test method for UE-to-UE coexistence requirements regardless of the same region UEs or cross-regions UE for 2ULs inter-band CA.
2. General UE-to-UE coexistence for dual-uplink CA transmission
 	Most dual-uplink inter-band CA combinations are from the same regions as shown in table 2. But some inter-band CA combinations are from the inter-regions such as B1+B5, B3+B5, B4+B7 and B39+B41 combinations.
Table 2: Dual-plink inter-band CA combination lists
	Class
	Band Combination
	Frequency
	Deployment Regions

	Dual-uplink
Inter-band CA
	A1
(HW)
	B1+5 
	2.1G+800M
	Inter-regions
(Region 1+2+3)

	
	
	B1+B19
	2.1G+800M
	Region 3

	
	
	B3+20
	1.8G+800M
	Region 1

	
	A2
(QC)
	B3+8 
	1.8G+900M
	Region 3

	
	
	B4+12
	2.1G+700M
	Region 2

	
	
	B4+17
	2.1G+700M
	Region 2

	
	A3
(Ericsson)
	B1+7
	2.1G+2.6G
	Region 1

	
	
	B3+B7 
	1.7G+2.6G
	Region 1

	
	
	B4+B7 
	1.7G+2.6G
	Inter-regions
(Region 1+2)

	
	
	B5+B12 
	800M+700M
	Region 2

	
	
	B5+B17 
	800M+700M
	Region 2

	
	
	B39+B41
	1.9G+2.6G
	Inter-regions
(Region 2+3)

	
	A4
(Nokia)
	B3+5 
	1.8G+800M
	Inter-regions
(Region 1+2+3)

	
	
	B2+B4 
	1.9G + 2.1G
	Region 2

	
	
	B7+B20 
	2.6G+800M
	Region 1

	
	A5
(Ren.)
	B1+B21 
	2.1G+1.4G
	Region 3



For the 1UL inter-band CA UE, the aggressor signal is generated in 1 UL band same as rel-8/9 UE. So it is possible to follow the conventional UE-to-UE coexistence requirements that are described in table 6.6.3.2-1 of TS36.101 [1]. However, the frequency range of emission level of IMD and Harmonic from 2UL inter-band CA need to be analyzed and measured to determine the adjacent UE coexistence requirements.

3. UE Coexistence requirements for Dual UL CA
To determine UE-coexistence requirements, the main factor is whether or not to keep the current REFSENS requirements of the legacy UEs when 2UL inter-band CA UEs are simultaneously transmitting.
So, RAN4 need to focus on how much impact there is on the REFSENS level of legacy UEs depending on the inter-band CA categories. If we can guarantee the current REFSENS levels of adjacent UE from 2ULs simultaneous transmission, we don’t need to make any additional requirements for UE coexistence.

As were shown in previous discussion papers [1][4],we can see that regardless of the CA UE band combination from same-regions and/or inter-regions, the generated IMD products from 2UL inter-band CA UE does not exceed -50dBm/MHz when the harmonics and IMD products are not falling into the own receiver frequencies such as class A1. It means that the UE with 2ULs simultaneous transmission should fulfill each REFSENS requirements, which it is dependent on the leakage level from TX signal into the RX band. To guarantee the REFSENS, this leakage levels should be below -105dBm/MHz when we consider CA band combination without IMD/Harmonics product as shown in figure1. 
For the intra-device case, UE protect own Rx band from self-desense. From the analysis and measurement of IMD products [1][4], the measured IMD level in point B is about -85dBm/MHz. So we know that the IMD products level in point R is less than -115dBm/MHz by Tx-Ant isolation of Duplexer and do not have impact on the REFSENS level of the own Rx band when we consider CA band combination without IMD/Harmonics product.
	For the inter-device UE-coexistence case, the aggressor’s Tx interference signal (=< -50dBm/MHz) is arrived in the victim UE’s Rx antenna which is decreased by minimum coupling loss (60dB). So the interference signals in Rx RF chain is also less than -110dBm/MHz.
 


Figure1. Reference architectures for 2ULs inter-band CA class A1
Therefore, RAN4 can reuse the existing single uplink UE co-existence requirements for the case of dual uplink reminding the generated IMD products level of 2ULs is sufficiently low in case of Class A1. 
It means that dual uplink inter-band CA UEs can be certified that they satisfy the conventional UE coexistence requirements when UE configured as single transmission of Band X or Band Y, respectively

From the analysis and measurements results [1][4], we propose as follow

Proposal 1: For 2ULs inter-band CA band combination without IMD/Harmonics products, RAN4 needs not make any additional UE-to-UE coexistence requirements.

Proposal 2:  Regardless of band combination from same-regions and/or inter-regions, the single uplink UE co-existence requirements could be reused for the dual uplink requirements.  
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4. Conclusion
In this contribution, we propose the general test method for UE-to-UE coexistence requirements regardless of the same region UEs or cross-regions UE for 2ULs inter-band CA. Because the generated IMD products level of 2ULs is sufficiently low in case of Class A1, therefore we can keep the REFSENS of intra-device UE and adjacent legacy UE. From the analysis, we proposed as follow

Proposal 1: For 2ULs inter-band CA band combination without IMD/Harmonics products, RAN4 needs not make any additional UE-to-UE coexistence requirements.

Proposal 2:  Regardless of band combination from same-regions and/or inter-regions, the single uplink UE co-existence requirements could be reused for the dual uplink requirements.  


Reference
[1] R4-133062, “Dual uplink CA intermodulation analysis,” Renesas Mobile
[2] R4-132510, “Consideration on the Passive IMD analysis for inter-band CA_1A-5A UE with 2ULs,” LG Electronics
[3] R4-132774, “2UL CA UE coexistence,” Qualcomm
[4] R4-133793, “Passive IMD measurements level of inter-band CA_X-Y UE with 2ULs,” LG Electronics
[5] R4-131986, “WF on the protected Bands for inter-band CA with 2ULs,” LG U+, NII, KT, Nokia
[6] TR 36.860 v0.1.0
[7] R4-131416, “Protected Band for B1+B5 2 UP LINK CA,” LG U+
[8] TS 36.101 v11.5.0
Text proposal for TR 36.860
********************** Start of text proposal to TR 36.860 ***********************
[bookmark: _Toc354566628]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TR 30.007: “Guideline on WI/SI for new Operating Bands”
[3]	3GPP TR 36.850: “Inter-band Carrier Aggregation Technical Report (Release 11)
[4]	3GPP TR 36.851: “Inter-band Carrier Aggregation Technical Report (Release 12)
[5]	R4-132713, “Handling of potential intermodulation problems to other systems than own bands,” Renesas Mobile Europe Ltd.
[6]	R4-133060, “General coexistence analysis table for inter-band CA with 2UL, ZTE, Renesas Europe, LGE
[7]	R4-133062, “Dual uplink CA intermodulation analysis,” Renesas Mobile Europe Ltd.
[8]	R4-133793, “Passive IMD measurements levels of inter-band CA_X-Y UE with 2ULs,” LG Electronics
< ommited of  no changes >

[bookmark: _Toc335647462][bookmark: _Toc354566247]5.2		UE specific 
	Most dual-uplink inter-band CA combinations are from the same regions as shown in table 2. But some inter-band CA combinations are from the inter-regions such as B1+B5, B3+B5, B4+B7 and B39+B41 combinations.
Table 2: Dual-plink inter-band CA combination lists
	Class
	Band Combination
	Frequency
	Deployment Regions

	Dual-uplink
Inter-band CA
	A1
(HW)
	B1+5 
	2.1G+800M
	Inter-regions
(Region 1+2+3)

	
	
	B1+B19
	2.1G+800M
	Region 3

	
	
	B3+20
	1.8G+800M
	Region 1

	
	A2
(QC)
	B3+8 
	1.8G+900M
	Region 3

	
	
	B4+12
	2.1G+700M
	Region 2

	
	
	B4+17
	2.1G+700M
	Region 2

	
	A3
(Ericsson)
	B1+7
	2.1G+2.6G
	Region 1

	
	
	B3+B7 
	1.7G+2.6G
	Region 1

	
	
	B4+B7 
	1.7G+2.6G
	Inter-regions
(Region 1+2)

	
	
	B5+B12 
	800M+700M
	Region 2

	
	
	B5+B17 
	800M+700M
	Region 2

	
	
	B39+B41
	1.9G+2.6G
	Inter-regions
(Region 2+3)

	
	A4
(Nokia)
	B3+5 
	1.8G+800M
	Inter-regions
(Region 1+2+3)

	
	
	B2+B4 
	1.9G + 2.1G
	Region 2

	
	
	B7+B20 
	2.6G+800M
	Region 1

	
	A5
(Ren.)
	B1+B21 
	2.1G+1.4G
	Region 3



For the 1UL inter-band CA UE, the aggressor signal is generated in 1 UL band same as rel-8/9 UE. So it is possible to follow the conventional UE-to-UE coexistence requirements that are described in table 6.6.3.2-1 of TS36.101 [1]. However, the frequency range of emission level of IMD and Harmonic from 2UL inter-band CA need to be analyzed and measured to determine the adjacent UE coexistence requirements.


< ommited of  no changes >
[bookmark: _Toc348960564][bookmark: _Toc354566642]6.1.1	Dual unlink inter-band CA class A1 operating bands
E-UTRA dual uplink inter-band carrier aggregation class A1 is designed to operate in the operating bands defined in table 6.1.1-1.
Table 6.1.1-1: Dual Uplink Inter-band CA class A1 operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

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

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894MHz
	

	CA_3-20
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	

	CA_1-19
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD



To determine UE-coexistence requirements, the main factor is whether or not to keep the current REFSENS requirements of the legacy UEs when 2UL inter-band CA UEs are simultaneously transmitting.
So, RAN4 need to focus on how much impact there is on the REFSENS level of legacy UEs depending on the inter-band CA categories. If we can guarantee the current REFSENS levels of adjacent UE from 2ULs simultaneous transmission, we don’t need to make any additional requirements for UE coexistence.

As were shown in previous discussion papers [7][8],we can see that regardless of the CA UE band combination from same-regions and/or inter-regions, the generated IMD products from 2UL inter-band CA UE does not exceed -50dBm/MHz when the harmonics and IMD products are not falling into the own receiver frequencies such as class A1. It means that the UE with 2ULs simultaneous transmission should fulfill each REFSENS requirements, which it is dependent on the leakage level from TX signal into the RX band. To guarantee the REFSENS, this leakage levels should be below -105dBm/MHz when we consider CA band combination without IMD/Harmonics product as shown in figure 6.1.1-1. 
For the intra-device case, UE protect own Rx band from self-desense. From the analysis and measurement of IMD products [7][8], the measured IMD level in point B is about -85dBm/MHz. So we know that the IMD products level in point R is less than -115dBm/MHz by Tx-Ant isolation of Duplexer and do not have impact on the REFSENS level of the own Rx band when we consider CA band combination without IMD/Harmonics product.
	For the inter-device UE-coexistence case, the aggressor’s Tx interference signal (=< -50dBm/MHz) is arrived in the victim UE’s Rx antenna which is decreased by minimum coupling loss (60dB). So the interference signals in Rx RF chain is also less than -110dBm/MHz.
 


Figure 6.1.1-1. Reference architectures for 2ULs inter-band CA class A1
Therefore, RAN4 can reuse the existing single uplink UE co-existence requirements for the case of dual uplink reminding the generated IMD products level of 2ULs is sufficiently low in case of Class A1. 
It means that dual uplink inter-band CA UEs can be certified that they satisfy the conventional UE coexistence requirements when UE configured as single transmission of Band X or Band Y, respectively

From the analysis and measurements results [7][8], we propose as follow

Proposal 1: For 2ULs inter-band CA band combination without IMD/Harmonics products, RAN4 needs not make any additional UE-to-UE coexistence requirements.

Proposal 2:  Regardless of band combination from same-regions and/or inter-regions, the single uplink UE co-existence requirements could be reused for the dual uplink requirements.
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