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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In RAN4 #71 meetings, RAN4 did not have consensus for additional ILs and REFSENS test configurations for inter-band CA UE [1][2]. There are some issues as follows
· ∆TIB = FFS (0.2~0.7dB) and ∆RIB = FFS (0.0~0.7dB)
· Cross isolation level to reduce self desense impact
· Band 1 UL configuration for Band 3 DL REFSENS test
In this contribution, we we provide measured values for ILs of Quadplexer and Duplexer and analysis of desense level for Band 3 DL frequency of CA_1A-3A UE.
2. Measurement on the Front End Filters for CA_1A-3A
In the Extreme Temperature Conditions (ETC), insertion losses of the Quadplexer are measured by filter vendors which are given in Table 1.
Table 1: IL values for band 1 + 3 Quadplexers (under ETC)
	
	Band 1 UL
	Band 1 DL
	Band 3 UL
	Band 3 DL

	Vendor A (Quadplexer)
	2.7
	3.0
	3.5
	4.2

	Vendor B (Quadplexer)
	2.3
	2.7
	4.0
	4.0

	Vendor C (Quadplexer)
	2.2
	2.5
	3.5
	3.5


The worst case duplexer performance from the same vendors for each band is shown in Table 2.
Table 2: IL values of Duplexers (under ETC)
	
	Band 1 UL
	Band 1 DL
	Band 3 UL
	Band 3 DL

	Vendor A (Duplexer)
	1.8
	2.4
	3.0
	3.6

	Vendor B (Duplexer)
	2.0
	2.4
	3.5
	3.5

	Vendor C (Duplexer)
	2.0
	2.3
	3.1
	3.5


Therefore, the additional insertion loss for combining these two bands when comparing worst case can be summarized in Table 3.
Table 3: Additional IL of Quadplexers (under ETC)
	
	Band 1 UL
	Band 1 DL
	Band 3 UL
	Band 3 DL

	Vendor A
	0.9
	0.6
	0.5
	0.6

	Vendor B
	0.3
	0.3
	0.5
	0.5

	Vendor C
	0.2
	0.2
	0.4
	0.0

	Average ILs
	0.47
	0.36
	0.47
	0.36



From the data, we propose the following TIB,c and RIB,c for CA_1A-3A UE in Table 4 and Table 5.
Table 4: ΔTIB,c for CA_1A-3A
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_1A-3A
	1
	0.3

	
	3
	0.3



Table 5: ΔRIB,c for CA_1A-3A
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_1A-3A
	1
	0.1

	
	3
	0.1



3. Analysis of desense level on Band 3 DL frequency for CA_1A-3A
For the desense analysis of CA_1A-3A UE, we assume two cases as shown in Figure1, one is UL-DL gap of 40MHz and the other is UL-DL gap of 60MHz. And also, we assume 
· RB Allocation : 
· 25RBs for 20MHz, full RBs for 10MHz in Band 1 UL channel
(RBs allocated in Lower edge of B1 UL frequency for worst case condition)
· 25RBs for 5MHz in Band 3 DL channel
· Minimum gap between B1 Tx and B3 DL: 40, 60 MHz 
· Quadplexer Characteristics: B1 Tx to B3 Rx cross- isolation: 46~66dB

In Case 1 of Figure 1, the # of UL RB are considered with 25RBs in 20MHz CBW and 50RBs in 10MHz CBW.
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(a) Case1: minimum gap with 40MHz
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(b) Case2: minimum gap with 60MHz
Figure 1 Desense level analysis test cases for CA_1A-3A UE
To analyze the desense level in B3 DL, we measured thermal noise levels in B3 DL frequency which is shown in Figure 2 according to the various UL configurations in some channel bandwidths.
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(a) Case1: Min. gap = 40MHz                         (b) Case 2: Min. gap = 60MHz
Figure 2 Thermal noise levels in B3 DL frequency by Band 1 Tx leakage
In figure 2-(a), the TX thermal noise level is -120dBm/Hz when 25RBs restriction in 20MHz CBW and 40MHz minimum gap are assumed. And also the TX thermal noise level is -121dBm/Hz in figure 2-(b) when 25RBs restriction in 20MHz CBW and 60MHz minimum gap are assumed.
Figure 3 shows the simulation results for desense levels of Case 1. From Figure 3-(a), we can see the desense level is 3.8 dB when we assume the cross-isolation of Quadplexer is 50dB and # of RB is restricted with 25RBs in 20MHz channel bandwidth. 
And also form the Figure 3-(b), we can also see can the required desense level is 4.3dB when we assume the cross-isolation of Quadplexer is 50dB and full RBs are allocated in 10MHz channel bandwidth.
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(a) 25RBs in 20MHz CBW                              (b) 50RBs in 10MHz CBW
Figure 3 Desense levels in B3 DL frequency for Case1
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(a) 25RBs in 20MHz CBW                               (b) 50RBs in 10MHz CBW
Figure 4 Desense levels in B3 DL frequency for Case2
Figure 4 shows the simulation results for desense levels of Case 2.  From  Figure 4-(a), we can see the desense level is 2.9 dB when we assume the cross-isolation of Quadplexer is 50dB and # of RB is restricted with 25RBs in 20MHz channel bandwidth. 
And also form the Figure 4-(b), we can see the required desense level is 0.8dB when we assume the cross-isolation of Quadplexer is 50dB and full RBs are allocated in 10MHz channel bandwidth
These results are summarized in Table 6. 
Table 6: Self-desensitization in Band 1 by coupling loss for 2ULs CA_1A-5A UE
	B1 Tx to B3 Rx  Cross isolation level of Quadplexer (dB)
	Case1 (Min. gap =40MHz)
	Case2 (Min. gap =60MHz)

	
	Desensitization level (dB) (25RBs in 20MHz)
	Desensitization level (dB) (50RBs for 10MHz)
	Desensitization level (dB) (25RBs in 20MHz)
	Desensitization level (dB) (50RBs for 10MHz)

	48
	5.2
	6.0
	4.1
	1.8

	50
	3.8
	4.3
	2.9
	0.8

	55
	0.7
	1.1
	0.1
	0.1

	60
	0.0
	0.0
	0.0
	0.0



From the analysis, we propose as follow

Proposal 1: For additional ILs, RAN4 can use the additional ILs in Table 4 and Table 5 for CA_1A-3A UE. 
Proposal 2: For the REFSENS test configuration, RAN4 should consider worst case scenario which mean the minimum gap is 40MHz and # of RB is restricted with 25RBs in 20MHz CBW.
Proposal 3: To determine the MSD levels for REFSENS requirements, 50dB cross-isolation level could be considered.

4. Conclusions
	In this contribution we provided measured values of the ILs for Quadplexer and Duplexer for CA_1A-3A UE, and analyzed the desense level in B3 DL frequency. From the results, we propose as follow
Proposal 1: For additional ILs, RAN4 can use the additional ILs in table 4 and table 5 for CA_1A-3A UE. 
Proposal 2: For the REFSENS test configuration, RAN4 should consider worst case scenario which mean the minimum gap is 40MHz and # of RB is restricted with 25RBs in 20MHz CBW.
Proposal 3: To determine the MSD levels for REFSENS requirements, 50dB cross-isolation level could be considered.
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