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1. Introduction
Work item for 1 UL 2 DL carrier aggregation combination CA_1A_40A was agreed in [1] with the target to finish WI in RAN4#75 Fukuoka and approve WI in RAN#68 Malmö. TP for 2DL TR was agreed in RAN4#72Bis Singapore [2] and included IMD analysis where BS IMD problems were reported. TP for ∆RIB and ∆TIB were agreed RAN4#73 San Francisco [3]. In RAN4#75 Fukuoka concerns on missing MSD analysis were expressed in offline discussion. This paper discusses MSD for CA_1A_40A. 
This paper is revision of [4], newly discovered 1+3+40 pentaplexer has been included in the triplexer data 
2. Discussion
Band 40 transmission frequency separation from band 1 reception frequency can be only 130 MHz. The primary mechanism is TX signal and noise leaking in to receiver due to insufficient rejection in RF front end. We have identified three possible reference architectures to build this combination: Diplexer based, Triplexer based and separate antenna based. The block diagrams for these reference architectures are shown in the Appendix.
2.1. Component parameters

Due to extremely small frequency separation, also FE component design is quite difficult.
The used component parameters are shown in Tables 1 through 4. Additional parameter used in the analysis are shown in the Table 5.
Table 1 Diplexer parameters

	 
	Vendor A
	Vendor B
	Average

	
	WC
	Typ
	WC
	Typ
	WC
	Typ

	IL
	B1 TX
	1.0
	0.8
	1.8
	0.9
	1.4
	0.8

	
	B1 RX
	2.5
	1.6
	3.5
	2.0
	3.0
	1.8

	
	B40
	2.7
	1.5
	3.5
	2.5
	3.1
	2.0

	Isolation
	B1->B40
	5.0
	13.0
	10.0
	15.9
	7.5
	14.5

	
	B40->B1 TX
	8.0
	11.0
	12.0
	16.1
	10.0
	13.6

	
	B40->B1 RX
	5.0
	15.0
	10.0
	12.6
	7.5
	13.8


Table 2 Triplexer parameters

	Item
	Band
	TX/RX
	Vendor A
	Vendor B
	1+3+40 pentaplexer
	Average

	
	
	
	Typ.
	WC
	Typ
	WC
	Typ
	WC
	Typ
	WC

	I.L.
	B1
	TX
	1.9
	2.6
	1.9
	2.7
	2.4
	3
	2.1
	2.8

	
	
	RX
	2.3
	3
	2.1
	2.4
	2.8
	3.3
	2.4
	2.9

	
	B40
	TRx
	3.3
	3.7
	2.5
	3.6
	2.7
	3.2
	2.8
	3.5

	Iso.
	B1
	TX
	58
	54
	60
	55
	60
	55
	59.3
	54.7

	
	
	RX
	54
	50
	58
	54
	58
	54
	56.7
	52.7

	
	B1->B40
	B1TX
	46
	41
	46
	43
	48
	47
	46.7
	43.7

	
	
	B40RX
	55
	50
	47
	45
	58
	56
	53.3
	50.3

	
	B40->B1
	B40TX
	39
	34
	50
	46
	64
	61
	51.0
	47.0

	
	
	B1RX
	51
	45
	41
	39
	45
	43
	45.7
	42.3


Table 3 Duplexer parameters
	
	Vendor A
	Vendor B
	Vendor C
	Average

	
	Typ
	WC
	Typ
	WC
	Typ
	WC
	Typ
	WC

	TX IL
	1.9
	2.3
	1.6
	1.9
	1.6
	2.4
	1.7
	2.2

	RX IL
	1.9
	2.4
	1.9
	2.2
	1.7
	2.4
	1.8
	2.3

	TX -> RX TX Freq
	60
	55
	58
	55
	58
	54
	58.7
	54.7

	TX -> RX RX Freq
	61
	55
	55
	52
	59
	55
	58.3
	54.0


Table 4 B40 and B1 filter parameters

	
	 
	Vendor A
	Vendor B
	Vendor C
	Vendor D
	Vendor F
	Average

	 
	 
	Typ
	WC
	Typ
	Wc
	Typ
	WC
	Typ
	WC
	Typ
	WC
	Typ
	WC

	B40 filter
	IL
	2
	3
	1.5
	3.2
	2.4
	3.5
	2.3
	3
	2.1
	3.2
	2.1
	3.2

	
	B7Tx freq
	25
	20
	47
	40
	41
	35
	42
	35
	45
	40
	40.0
	37.5

	
	B1Tx Freq
	29.5
	27
	44
	35
	34
	31
	25
	30
	36
	32
	33.7
	32.0

	
	B1 RX freq
	26
	25
	47
	40
	32
	29
	33
	28
	33
	30
	34.2
	31.8

	B1 receive filter
	IL
	1.6
	2
	1.4
	2
	1.9
	2.5
	2
	2.4
	N/A
	N/A
	1.7
	2.2

	
	B40 Tx freq
	40
	34
	32
	28
	30
	25
	38
	30
	N/A
	N/A
	35.0
	30.7


Table 5 Other parameters used in the calculation

	 
	B40
	B1
	Unit
	Note

	Receiver IIP2
	48
	50
	dBm
	 

	PA Noise
	-125
	-130
	dBm / Hz
	Includes partly Spectral regrowth

	RX LO phase noise
	-151
	-151
	dBm / Hz
	 

	Tranceiver Noise @ RX
	-145
	-150
	dBm / Hz
	 

	Switch loss
	0.8
	0.7
	dB
	 

	Trace loss
	1
	1
	dB
	Combined all

	LB+HB diplexer IL
	1.3
	1.3
	dB
	 


2.2. Summary of comparison

Deriving the ∆RIB and ∆TIB values from the data shown in the previous sub-sections it seems the agreed ∆RIB is highly underestimated. Especially diplexer reference architecture will need substantially larger ∆RIB than agreed 0. These values were used in the MSD analysis. For agreed ∆RIB values of 0, MSD will need to be increased by different to shown values.
For ∆TIB, the agreed value is pessimistic for triplexer architecture but optimistic for diplexer architecture. 

Dual antenna architecture does not need ∆RIB and ∆TIB.
Table 6 Summary of ∆RIB and ∆TIB values

	 
	 
	Single Antenna Diplexer
	Single Antenna Triplexer

	 
	 
	B40 TX/RX Switch
	Diplexer
	∆RIB & ∆TIB*
	B40 TX RX Switch
	B1+B40 Triplexer
	B40 filter / B1 duplexer
	∆RIB & ∆TIB*

	B40
	IL TX
	0.8
	3.1
	1.9
	0.8
	3.5
	3.2
	0.5

	
	IL RX
	0.8
	3.1
	1.9
	0.8
	3.5
	3.2
	0.5

	B1
	IL TX
	N/A
	1.4
	0.7
	N/A
	2.8
	2.2
	0.3

	
	IL RX
	N/A
	1.8
	0.9
	N/A
	2.9
	2.3
	0.3

	Note:  ∆RIB & ∆TIB values shown already apply "shared pain" aproach i.e. values are halved


Because of low isolation of triplexer and diplexer in this combination, the main receiver is very much desensitized due to IM2, RX LO noise down converting TX and TX noise leakage. The diversity receiver has less desensitization and amount of antenna isolation has large impact to maximum sensitivity degradation. The estimated MSDs for all three reference architecture are shown in Table 7. 
Table 7 MSD needed for B40 and B1 for different reference architectures with antenna isolation of 10 dB
	Antenna isolation 10 dB

	 
	B40
	B1

	Receive channel BW [MHz]
	Single antenna Diplexer
	Single Antenna Triplexer
	Two antenna
	Single antenna Diplexer
	Single Antenna Triplexer
	Two antenna

	5
	9.5
	6.7
	8.2
	12.4
	6.9
	14.2

	10
	7.7
	5.5
	6.1
	10.2
	5.5
	12.1

	15
	6.8
	5.0
	5.1
	9.1
	4.7
	11.0

	20
	6.4
	4.7
	5.0
	8.5
	4.4
	10.4


3. Conclusion

MSD and ∆RIB and ∆TIB were analyzed for three different reference architectures and results are summarized in sub-section 2.2. We recommend using triplexer based architecture for agreeing requirements for CA_1A_40A. The recommended values for MSD and ∆RIB and ∆TIB are shown in tables below.

Table 8 Needed ∆RIB and ∆TIB for recommended reference architecture
	∆RIB  [dB]
	∆TIB [dB]

	B40
	B1
	B40
	B1

	0.5
	0.3
	0.5
	0.3


Table 9 Needed MSD’s for recommended reference architecture

	 
	MSD [dB]

	Receive channel BW [MHz]
	B40
	B1

	5
	6.7
	6.9

	10
	5.5
	5.5

	15
	5.0
	4.7

	20
	4.7
	4.4
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4. Appendix: Block diagrams of reference architectures
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Figure 1 Single Antenna Diplexer based reference architecture
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Figure 2 Single Antenna Triplexer based reference architecture
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Figure 3 Separate Antenna based reference architecture
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