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1	Introduction
In previous meetings, the challenges for B1+B3 1UL/2DL CA realization were addressed in [1] [2]. A WF has been agreed at RAN4#70bis [3]. In this contribution, a further study has been conducted regarding the issue.    

2	Discussion
2.1 Background
In the case of B1+B3 1UL/2DL CA, B1 UL is very close to B3 DL, as shown in Figure 2.1[1]. Since B1 UL and B3 DL are only separated by 40 MHz, if B3 DL is receiving at its higher frequency edge with that B1 is transmitting at its lower frequency edge, B3 DL may encounter significant degradation due to B1 UL spurious emission caused by cross-modulation. The power level for this leakage to B3 DL is highly determined by quadplexer B1 UL to B3 DL isolation specification. The meantime, both B1 and B3 may experience additional insertion loss because of compromised design with necessary attenuation required for B1+B3 quadplexer [2]. In this contribution, a further study is conducted about quadplexer specification and potential B3 DL degradation consequently. 

Figure 2.1  B1+B3 frequency range (figure 1 of [1])

2.2 Quadplexer Specification for B1 +B3
B1 + B3 quadplexer design is quite challenging due to the fact that B3 DL spectrum is close to B1 UL. Below is some component information that has been collected from three different vendors. At this stage, all the data are from vendor simulation results, and they are typical values under room temperature (25oC). Due to the fact that most of the data are from simulation at this preliminary stage, it is not realistic to acquire data under extreme condition. Per vendor’s expectation, the realized performance would be worse than simulation data. Table 2.1 lists critical specs from three vendors. 



Table 2.1 B1+B3 quadplexer specification
	Company
	Additional Insertion Loss (dB)
	Isolation (dB)

	
	B1 UL
	B1 DL
	B3 UL
	B3 DL
	B1UL  B3 DL

	Vendor1
	1.9
	1.3
	-
	-
	50

	Vendor2
	0.8
	0.9
	1.2
	1.9
	46

	Vendor3
	0.3
	0.7
	0.7
	0.5
	40


According to Table 2.1, it could conclude that there is definitely additional IL for both B1 and B3, with 40-50dB isolation from B1 UL spurious emission to B3 DL. Additionally, the larger the isolation is from B1 UL to B3 DL, the larger the additional insertion loss is, showing from the collected vendor data. However, a further study is needed to decide if this isolation would still cause B3 DL degradation.
Observation 1: Available quadplexers have significant additional IL (1-2dB) with reasonable isolation from B1 UL to B3 DL to protect B3 DL. 

2.3 B1 +B3 operation consideration
There has been a WF regarding B1+B3 CA from last meeting [3]. It addressed concerns from operators that B1 is still planned to be used as UL while B3 DL being used at upper bound of the spectrum, which is very close to B1 UL spectrum. An analysis is studied by using 20MHz B1 UL transmitting to identify potential B3 DL desensitization. Figure 2.2 shows the PA regrowth spectrum for B1 from PA extracted simulation. This PA behavior meets the TS36.101 TX UTRA and E-UTRA requirement for ACLR and OOBE. The output power of B1 PA is 24 dBm. In this worse case analysis, the center frequency of B1 UL is at 1930MHz, and the BW is LTE 20MHz, full RBs. 
 [image: ]
Figure 2.2 B1 UL spectrum at PA output
As depicted in Figure 2.2, the Wgap is the distance between the edge of B1 at 1920MHz and the upper bound of B3 DL cc. In Table 2.3, measured power levels are listed at PA output for B1, and power levels at the input of B3 LNA with consideration of 40dB and 50dB isolations from B1 UL to B3 DL. All the measurements are using 20MHz bandwidth. 
Table 2.3 Leakage power from B1 UL spurious emission to B3 DL
	PWR (dBm)
	Wgap (MHz)

	
	40
	60
	80
	100
	120
	140
	160

	B1 UL PA output
	-33.32
	-43.08
	-44.82
	-49.19
	-56.03
	-60.11
	-63.21

	B3 DL LNA input w/ 40dB Iso
	-73.32
	-83.08
	-84.82
	-89.19
	-96.03
	-100.11
	-103.21

	B3 DL LNA input w/ 50dB Iso
	-83.32
	-93.08
	-94.82
	-99.19
	-106.03
	-110.11
	-113.21


From the results above, it could be derived that when quadplexer B1 UL to B3 DL isolation is 40dB, minimal Wgap needs to be 140MHz for avoiding B3 DL desensitization. Meanwhile, when quadplexer B1 UL to B3 DL isolation is 50dB, minimal Wgap needs to be larger than 100MHz for avoiding B3 DL desensitization. Both of the limitations are highlighted yellow in Table 2.3.
It is noted that for B3 single DL REFSENS requirement, it is 91dBm for 20MHz BW for QPSK, with reduced number of RBs to 50 in B3 UL configuration for 20MHz. Therefore, with full RB size of 100 in B1 UL, B3 DL would suffer worse degradation. It is worth mentioning that if smaller LTE BW is used in B1 UL, such as 5MHz or 10MHz, minimal Wgap is expected to be smaller consequently. Further study is recommended. 
Observation 2: Available B1+B3 quadplexer implementation cannot meet the B3 REFSENS requirement when B1 UL is transmitting. To avoid B3 DL degradation, minimal gap between B1 UL and B3 DL could be defined, according to quadplexer isolation between B1 UL and B3 DL.  
Based on the above data, consideration and some concerns, such as B1+B3 CA is involved with some other 3DL CA WIs, and time budget for further study, there is some way forward as possible solutions for B1+B3 operation:
Option 1: B3 UL only. 
Option 2: Either B1 and B3 could be UL. For ensuring B3 DL REFSENS, LTE bandwidth configuration for B1 UL and minimal Wgap need to be defined. This would require additional study time for 1 to 2 meetings potentially.
Option 3: Either B1 and B3 could be UL. For ensuring B3 DL REFSENS, RB allocation and restriction need to be analyzed and defined for B1 UL. This would require REFSENS simulation and require more time than option 2. 
[bookmark: _GoBack]3	Conclusion
In this contribution, a study and its results have been illustrated regarding B1 +B3 CA. B1 +B3 quadplexer major specification is presented and compared among 3 individual vendors. Two observations are discussed:
Observation 1: Available quadplexers have significant additional IL (1-2dB) with reasonable isolation from B1 UL to B3 DL to protect B3 DL.
Observation 2: Available B1+B3 quadplexer implementation cannot meet the B3 REFSENS requirement when B1 UL is transmitting. To avoid B3 DL degradation, minimal gap between B1UL and B3 DL could be defined, according to quadplexer isolation between B1 UL and B3 DL.  

Then, 3 possible solutions are presented. Other possible solutions are welcome.
Option 1: B3 UL only. 
Option 2: Either B1 and B3 could be UL. For ensuring B3 DL REFSENS, LTE bandwidth configuration for B1 UL and minimal Wgap need to be defined. This would require additional study time for 1 to 2 meetings potentially.
Option 3: Either B1 and B3 could be UL. For ensuring B3 DL REFSENS, RB allocation and restriction need to be analyzed and defined for B1 UL. This would require REFSENS simulation and require more time than option 2. 
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