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1 Introduction

In the last meeting, as one of non-spectrum related packet WI [1], the topic on the feasibility of lower MSD for inter-band CA/EN-DC/DC combinations was extensively discussed and several initial agreements were captured in the WF [2]. 
According to the WF, the following example band combinations were agreed in the WF.

	Use the following example band combinations to study the feasibility of MSD improvement for different MSD types:

· CA_n28-n40 (harmonic mixing)

· CA_n41-n77 (cross band isolation)

· CA_n1-n3-n78 and fallback combinations (IMD on the 3rd band, cross band isolation on CA_n1-n3 using 50MHz channel bandwidth, IMD2/4 and 2nd harmonic and harmonic mixing on CA_n3-n78)

Note 1: All supported power classes for the above example band combinations can be analyzed

Note 2: Band combinations with two bands are in the first priority


In this contribution, we provide some analysis on the effect of improving PCB isolation as well as antenna isolation for CA_n3-n78 based on the calculations. 
2 Discussion
In the following calculations, the assumptions of parameters follow what was just agreed in the WF [2].
	The following assumptions and methods can be considered for the MSD study in next meeting.

-
Antenna isolation: 10~20dB

-
PCB isolation: >/= 60dB, 

-
Other parameters, e.g. RF component linearity, diplexer/duplexer/filter rejection, etc. up to the choice of companies

-
Other values for parameters are not precluded.

-
For the MSD study, the parameters used in the analysis should be provided

-
MSD reduction via UL power back-off is FFS, depending on further inputs and clarification in next meeting

Note: It is understood that practical implementations usually make different design trade-offs. The optimal values are unlikely to be achieved for all RF parameters and/or all band combinations simultaneously. And the feasibility for PCB isolation values can be discussed.


2.1
2nd harmonic MSD analysis for CA_n3-n78
In order to evaluate the effect of improving PCB isolation as well as antenna isolation, the parameters for the MSD analysis list in the below.

Table 1, the parameters for the MSD analysis for CA_n3-n78

	
	value

	Band 3 PA
	27.8 dBm

	Band 3 PA in H2
	-8 dBm

	Band 3 duplexer in H2
	25 dB

	diplexer
	15 dB

	Harmonic filter
	25 dB

	Antenna isolation
	10 ~20 dB

	PCB isolation
	60~100 dB

	duplexer, switch, diplexer in H2
	-85dBc


Based on above parameter, the MSD improvement over improving PCB isolation and antenna isolation could be illustrated in figure 1.
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Figure 1 MSD improvement over improving PCB isolation and antenna isolation
As seen from above figure 1, the following observations could be made for the harmonic MSD of band combination n3 and n78.
Observation 1: improving the PCB isolation can reduce the MSD, but when PCB isolation is above 80dB, the impact becomes very small.

Observation 2: improving the antenna isolation can reduce the MSD, especially when PCB isolation is high.
2.2
IMD MSD analysis for CA_n3-n78

According to the spec, there are IMD2 and IMD4 issues for CA_n3-n78 due to 2UL. To assess the potential MSD improvement, the following parameters in table 2 and table 3 are assumed.

 Table 2 RF-front component linearity IP2 and IP4 parameters

	
	IP2 (dBm)
	IP4 (dBm)

	Ant. Switch
	112
	56

	Diplexer
	115
	55

	Duplexer
	100
	55

	PA Forward
	27
	32

	PA Reversed
	38
	33

	LNA
	5
	-6


Table 3 the isolation parameters

	Isolation Parameter
	Value (dB)
	Comment

	Antenna to Antenna
	10~20
	Main antenna to diversity antenna

	PA (out) to PA (in)

PA(out) to LNA (in)
	60~100
	PCB isolation (PA forward mixing and n78 PA leakage into B3 LNA

	PA (out) to PA (out)
	60
	L-H/H-L cross-band (diplexer + duplexer)

	PA (out) to LNA (in)
	50
	L-H/H-L cross-band (diplexer + filter @ n78)

	Duplexer
	45
	Tx band rejection at Rx band

	diplexer
	15
	


2.2.1 IMD2 MSD
With above assumptions, we have made some calculations for IMD2, and the results for PC2 and PC3 are summarized in figure 2 and figure 3 separately.
[image: image2.png]Total Tx power=PC2

10 =@==antenna isolation=10dB
—e—antenna isolation=15dB
5 =e=antenna isolation=20dB

60 65 70 75 80 85 90 95 100




Figure 2 IMD2 MSD improvement over improving PCB isolation and antenna isolation for PC2
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Figure3. IMD2 MSD improvement over improving PCB isolation and antenna isolation for PC3
As seen from above figure 2 and figure 3, the following observations could be made for the IMD2 MSD of the combination n3 and n78.

Observation 1: improving the PCB isolation can reduce the MSD, but when PCB isolation is above 80dB, the impact becomes very small.

Observation 2: improving the antenna isolation can reduce the MSD, especially when PCB isolation is high.
2.2.1 IMD4 MSD
The similar calculations are also made for IMD4, and the results for PC2 and PC3 are summarized in figure 4 and figure 5 separately.
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Figure 4 IMD4 MSD improvement over improving PCB isolation and antenna isolation for PC2
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Figure 4 IMD4 MSD improvement over improving PCB isolation and antenna isolation for PC3
As seen from above figure 4 and figure 5, the following observations could be made for the IMD4 MSD of the combination n3 and n78.

Observation 1: improving the PCB isolation can reduce the MSD, but when PCB isolation is above 80dB, the impact becomes very small.

Observation 2: improving the antenna isolation can reduce the MSD.
2.3 Comparison of MSD improvement for different MSD types
In order to compare with MSD improvement for different MSD types, we made the following table based on above calculations.
	MSD types
	MSD in current spec

(dB)
	MSD improvement

when antenna isolation=20dB and PCB isolation=80dB
	delta MSD value

	2nd harmonic
	23.9
	12.2
	11.7 dB

	IMD2
	PC2: 31.9

PC3: 26
	PC2: 16.7

PC3: 10.5
	PC2: 15.2 dB

PC3: 15.5 dB

	IMD4
	PC2: 18.5

PC3: 8.0
	PC2: 7.3

PC3: 1.4
	PC2: 11.2 dB

PC3: 6.6 dB


Observation 3: even when antenna isolation is 20dB and PCB isolation is 80dB, the MSD value is still above 15dB for IMD2 for CA_n3-n78
Observation 4: the delta MSD value due to MSD improvement for different MSD types is different. When the minimum requirement of MSD is high, the delta MSD value could be above 10 dB. 
3 Conclusion

In this paper, we provide some analysis on the effect of improving PCB isolation as well as antenna isolation for CA_n3-n78. Based on the calculation results, we can get the following two common observations for all MSD types:
For all MSD types ( 2nd harmonic, IMD2 and IMD4) in CA_n3-n78
Observation 1: improving the PCB isolation can reduce the MSD, but when PCB isolation is above 80dB, the impact becomes very small.

Observation 2: improving the antenna isolation can reduce the MSD, especially when PCB isolation is high.
Thereby we made the following proposal 1.
Proposal 1: For the MSD improvement for band combination n3 and n78, it is not necessary to consider PCB isolation higher than 80dB.
It should be noted that above proposal is only based on the impact of PCB isolation in the calculation, and it should be also realized that even 80dB is rather challenging to a typical smartphone design.
For the MSD improvement for different MSD types, we made the following observations.
Observation 3: even when antenna isolation is 20dB and PCB isolation is 80dB, the MSD value is still above 15dB for IMD2 for CA_n3-n78

Observation 4: the delta MSD value due to MSD improvement for different MSD types is different. When the minimum requirement of MSD is high, the delta MSD value could be above 10 dB. 
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