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Introduction

In this input we calculate the MSD for 2UL CA_1A_3A. 
Comparison of MSD calculation
From previous inputs we observe that when it comes to MSD that the vendors take too many worst case assumption, see reference [1] to [5]. We understand that reality – real world is difficult to catch with simple Excel two-tone IMD calculation but we have to follow some principals when it comes to individual component performance. We are using the Table 2.1-1, 2.1-2 and 2.1-3 from the input in [3] and justify our calculation below. We are also focusing our calculation on the main IMD sources in that table which means we neglect to recalculate the lower IMD values.
In Table 2.1-1 the B1 PA Forward is the main source for the IMD. It assumes PB1 = 23 dBm, PB3 = - 7 dBm at the output of the PA and an output IP3 of 30 dBm. The -7 dBm is obtained by using PA (out) to PA (in) PCB isolation (PA forward mixing) value of 60 dB as given in Table 2-2 in [3] and assuming a PA gain of 30 dB. The IMD3 for two unequal input tones can be calculated using the equation [6]: PIMD3 out = 2xPB1 + PB3 -2xOIP3(for fIMD3 > f2 > f1). The IMD3 of -67 dBm in Table 2.1-1 at the antenna is obtained using 50 dB for the LNA (in) to PA (out) H-H cross-band isolation for a quadplexer from Table 2.2 in [3] and assuming an IL of 4 dB between LNA (in) and antenna connector.
We observe there are a couple of assumptions in order to obtain this value:
· PA output-IP3 of 30 dBm

· Comment: After our information the output IP3 of such PAs is rather in the range of 40 dBm

· PA (out) to PA (in) PCB isolation (PA forward mixing) value of 60 dB. We understand that this includes PCB + on-chip isolation with the PA driver stages
· Comment: That is a rather low value and we would expect 75 dB isolation. PCB isolation has to be also low values for CA in order to match overall performance as expected from duplexer, quadplexer when it comes to isolation.
· LNA (in) to PA (out) H-H cross-band isolation for a quadplexer

· Comment: 50 dB is a rather moderate value but we are willing to accept such a value as stated in [5]

· IL of 4 dB between LNA (in) and antenna connector (Quadplexer + diplexer + switch)
· Comment: That high ILs are at the edge of the filters and are normally used for transmit and receive output power over ETC. It is questionable if the same value should be assumed for IMD calculation. 
· Antennas isolation of 10 dB for the main antenna to diversity antenna.
· Comment: For high-high bands antenna isolation of 15 dB is a moderate value, see [5]
· The input IP3 for LNA is given as -6 dBm

· For high bands we see more typical the IIP3 > -3 dBm
Antenna switches are also after our information more linear nowadays and IMD3 > 70 dB can be expected, see [5]. We are willing to compromise further on the following values:
· PA OIP3 of: 35 dBm

· PA (out) to PA (in) PCB isolation (PA forward mixing) value of 68 dB.

· LNA IIP3 of: -3 dBm

	Main Path

	Component
	PB1 (dBm)
	PB3 (dBm)
	IP3 (dBm)
	IMD3 (dBm)

	Antenna Switch
	20
	20
	68
	-76

	Quadplexer
	23
	23
	74
	-79

	B1 PA Forward
	23
	-7 -15
	30 35
	-67 -85

	B3 PA Forward
	-7 -15
	23
	30 35
	-97 -123

	B1 PA Reversed
	23
	-27
	28 33
	-83 -93

	B3 PA Reversed
	-27
	23
	28 33
	-133 -143

	Tx Total
	
	
	
	-66.2 -73.8

	B1 LNA
	-27
	-27
	-6 -3
	-65 -71

	Total IMD
	
	
	
	-62.5 -69.2

	Total IMD after CF
	
	
	
	-65.0 -69.9


Table 2.1-1 IMD3 power level to B1 Rx main path

	Diversity Path

	Component
	PB1 (dBm)
	PB3 (dBm)
	IP3 (dBm)
	IMD3 (dBm)

	From Main Path
	
	
	
	-76.2 -88.8

	Antenna Switch
	10 5
	10 5
	68
	-106 -121

	Duplexer
	10 5
	10 5
	74
	-118 -133

	B1 LNA
	-40
	-40
	-6 -3
	-105 -111

	Total IMD
	
	
	
	-76.1 -88.8

	Total IMD after CF
	
	
	
	-76.8 -89.5


For uncorrelated signals the individual SNRs at the MRC receiver can be summed and the following equation can be used: 

MSD = 10*log10( 2 / ( (1/(1+ IMDM/NP)) +  (1/(1+ IMDD/NP)) ) )

with NP = PRefsens + 3 dB (diversity) + 1 dB (SNR) + ΔRIB,c. 
For 5 MHz channel BW the MSD for 2UL CA_1A_3A in B1 receive is: 10.3 dB
Summary
We calculated the MSD for 2UL CA_1A_3A in this input:
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA 
Configuration
	EUTRA band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode

	
	
	
	
	
	
	
	

	CA_1A_3A
	1
	1950
	5
	25
	2140
	10.3
	FDD

	
	3
	1760
	5
	25
	1855
	N/A
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