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1. Introduction
New configuration CA_1A-3A-40A with UL CA_1A-3A has an IMD5 problem and a close proximity problem. This paper discusses how to handle MSD in this case and proposes an MSD.  
2. Discussion

CA_1A-3A-40A has an IMD5 problem. In addition to IMD, CA_1A-40A has a close proximity problem and MSD for that is written in to 36.101 [1]. When MSD for CA_1A-40A was discussed, there multiple architectures considered, diplexed 1/3 and 40 [3]  later pentaplexer [2]. Proponents for CA_1A-40A at that time favored pentaplexer because it provided lower ∆RIB. The Diplexer for 1+40 is very lossy due to small frequency spacing of B1 DL and B40. The drawback with pentaplexer is that the crossband isolation is not as good as in diplexer architecture and for CA_1A-40A it resulted in larger noise and TX aggressor contribution to B1 and B40 receivers. 
For 2UL CA, RAN4 must assume the same architecture since CA_1A-40A is one of the fallbacks for CA_1A-3A-40A. The architecture is shown in the Appendix. The IMD5 generated in the B1 and B3 PAs couples to the B40 through pentaplexer. In the following, we present the analysis for MSD with used parameters. 

The component values are shown in Table 1.

Table 1 Component values used for MSD analysis for CA_1A-3A-40A

	Component values
	Value
	Unit
	Note

	B3 and B1  duplexer ISO
	50
	dB
	 

	B40 div filter rejection @ B3 and B1
	32
	dB
	 

	Pentaplexer cross band atenuation B3Tx->B40 @ B3Tx
	50.3
	dB
	 

	Pentaplexer cross band atenuation B1Tx->B40  @ B1Tx
	50.3
	dB
	From R4-157320

	Pentaplexer cross band atenuation B1&3Tx->B40  @ B40
	43.7
	dB
	From R4-157320

	Triplexer Iso
	15
	dB
	 

	B3 Duplexer IP5 and B3 filter IP5
	48
	dBm
	 

	Switch IP5
	53
	dBm
	 

	Triplexer IP5
	54
	dBm
	 

	Switch IL B1
	0.6
	dB
	 

	Switch IL B3
	0.6
	dB
	 

	Switch IL B40
	0.8
	dB
	 

	B3 Duplexer IL (Inside pentaplexer)
	3.3
	dB
	 

	B1 Duplexer IL
	2.9
	dB
	 

	B40 Filter IL
	1.4
	dB
	 

	Diplexer IL B3
	0.7
	dB
	 

	Diplexer IL B1
	0.7
	dB
	 

	Diplexer IL B40
	1
	dB
	 

	PA Max Gain
	30
	dB
	 

	PA Gain at agressor freq
	10
	dB
	 

	B40 div filter loss
	1.4
	dB
	 

	B1 div filter loss
	1.1
	dB
	 


For the PA contribution, the applied the same method as is described in [5]. The measurement results are showsn in table 2.
Table 2 PA measurements for IMD5. The B1 and B3 PA results are very similar and only B1 results are shown here

	IMD5

	 
	 
	 
	Agg Pin
	IMD Out
	Own Pout

	1+3+40 (B1 PA)
	Vendor A
	IMD5
	-10
	-3.54
	27

	
	
	
	-40
	<-52
	27

	
	Vendor B
	
	-10
	-7.3
	28

	
	
	
	-40
	<-52
	28

	
	Vendor C
	
	-10
	5.7
	25.5

	
	
	
	-40
	-52
	25.5

	
	Vendor D
	
	-10
	-1.5
	28.5

	
	
	
	-40
	-49
	28.5

	
	Avg
	
	-10
	-1.66
	27.25

	
	
	
	-40
	-50.5
	27.0


Other parameters are shown in Table 3
Table 3 Other parameters

	Other parameters
	Value
	Unit

	PCB ISO
	65
	dB

	Antenna Iso
	10
	dB

	BW
	5
	MHz

	Thermal noise
	-104.5
	dBm

	LNA NF
	3
	dB

	LTE SNR
	-1
	dB

	Single band sensitivity
	-97
	dBm

	LNA IP2
	48
	dBm

	LNA IIP5
	-10
	dBm

	LTE Signal to noise ratio
	-1
	dB

	CF for IMD5 with 5 MHz B40 BW
	2.52
	dB

	CF for IMD5 with 10 MHz B40 BW
	0.5
	dB

	PA Noise on RX bands
	-130
	dBm/Hz

	RX LO Phase noise
	-151
	dBm/hz


The IMD analysis at different reference points is presented in Table 4.
Table 4 IMD interferer power levels at different 

	 
	Power [dBm]
	IMD5 [dBm]

	 
	PB3
	PB1
	Source
	Ant
	B40 PRX LNA
	B40 DRX LNA

	B40 DRX LNA
	-23
	-23
	-76
	NA
	 
	-76

	B40 PRX LNA
	-26
	-27
	-91
	NA
	-91
	 

	Diplexer
	20
	20
	-116
	-116
	-119
	-129

	Band Switch
	21
	21
	-106
	-107
	-108
	-120

	Pentaplexer
	21
	21
	-87
	-89
	-89
	-102

	B40 Switch
	-26
	-26
	-341
	-345
	-341
	-358

	PA B3
	25
	-25
	-59
	-105
	-104
	-117

	PA B1
	-24
	24
	-72
	-117
	-116
	-129

	PA B3 Input
	-5
	-41
	 
	 
	 
	 

	PA B1 Input
	-40
	-6
	 
	 
	 
	 

	CF
	 
	 
	 
	 
	2.5
	2.5

	Total
	 
	 
	 
	 
	-89
	-79


The close proximity interferer power levels are shown in Table 5

Table 5 Close proximity analysis

	 
	Power [dBm]

	 
	PB3
	PB1

	Power @ B40 DRX LNA
	-23
	-23

	Power @ B40 PRX LNA
	-26
	-27

	B1&B3 TX Noise B40 DRX LNA
	-122
	-122

	B1&B3 TX Noise B40 PRX LNA
	-115
	-115

	IM2 noise DRX LNA
	-100
	-100

	IM3 noise PRX LNA
	-106
	-107

	Rx LO Downconverting Tx DRX LNA
	-107
	-107

	Rx LO Downconverting Tx PRX LNA
	-110
	-111

	Total noise DRX LNA
	-97
	NA

	Total noise PRX LNA
	-102
	NA


The noise level is lower than in single UL case because the peak power is lower in 2UL CA case but there are two sources instead of one.
MRC combining is shown in Table 6

Table 6 MRC Combining of interference sources

	 
	PRX LNA
	DRX LNA
	PRX @ Ant
	DRX @ Ant
	Unit

	Total Interferer  due to IMD5
	-89.37
	-78.60
	-85.37
	-75.40
	dBm

	Total Interferer  due to Close proximity
	-101.64
	-96.58
	-97.64
	-93.38
	 

	Total combined interferer noise
	-89.12
	-78.54
	-85.12
	-75.34
	 

	Total noise with thermal noise
	-89.00
	-78.52
	-85.00
	-75.32
	 

	MRC Sensitivity
	 
	 
	-84.45
	dBm

	Sensitivity requirement for 1DL
	 
	 
	-100.00
	dBm

	MSD
	 
	 
	15.55
	dB


The resulting MSD is 15.6 dB. 
This results is for 5 MHz channel BW in B40. 

Proposal: for CA_1A-3A-40A with uplink configured to CA_1A-3A, MSD is 15.6 dB 5 MHz receiver channel BW and 14.6 dB for 10 MHz receiver BW.
3. Conclusion
MSD analysis for CA_1A-3A-40A with UL configured to CA_1A-3A was presented including close proximity and IMD interferers. Finally, MSD was proposed:
Proposal: for CA_1A-3A-40A with uplink configured to CA_1A-3A, MSD is 15.6 dB 5 MHz receiver channel BW and 14.6 dB for 10 MHz receiver BW.
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4. Appendix Reference architecture
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