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1
Introduction

MSD for B42 in class A2 CA B3_B42 had been extensively discussed in last RAN4 meeting [1-5]. The common observation from all contributing companies is that the MSD level with B3 UL 2nd harmonic directly landing on B42 DL carrier can be relatively high (in the vicinity of 25 dB for 5-MHz carrier), even with harmonic filter placed after B3 duplexer. Owing to such high MSD level, a separate concern was brought up in [4] that desensitization in certain frequency range adjacent to 2nd order harmonic interference may also occur due to a relatively high side-lobe emission.

In this contribution, we’ve refined our analysis on B42 MSD level by considering the dependence of reference architectures and with a few updated front-end component linearity and isolation performance. We’ve also studied the UL 2nd harmonic side-lobe emission level through both measurement and simulations to derive the MSD requirements at 10 MHz offset away from the edge of 2nd harmonic interference.  

2 Discussion
2.1 Reference architecture selection          
Two reference architectures had been considered for class A2 CA B3_B42 MSD analysis in last meeting. One was based on common diplexer in conjunction with a high-band/very-high-band diplexer cascaded with B3 duplexer and B42 bandpass filter, as shown in Figure 2.1-1 [1], and the other was based on common triplexer for the intended aggregation, as depicted in Figure 2.1-2 [2-3].
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Figure 2.1-1 Reference architecture based on common diplexer and HB/VHB diplexer
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Figure 2.1-2 Reference architecture based on common triplexer
Considering that the 2nd harmonic (H2) of a typical antenna switch may have relatively strong contribution to MSD, common triplexer topology offers the advantage of reducing H2 from antenna switch which is expected to have better MSD performance as compared to common diplexer architecture, especially when harmonic filter is applied and PCB isolation is well managed to be better than 65 dB.

In this paper, we have chosen the common triplexer architecture for the MSD analysis which is also in line with most companies’ assumption.          

2.2 MSD with H2 fully aligned with DL carrier          
Following the same MSD link analysis as we presented in last meeting [1], the MSD level was refined with a few updates on front-end component linearity and isolation performance. Summarized below are the key highlights,

· Duplexer H2 performance from measurement was 20 dB worse than previous assumption. As a result, having harmonic filter between PA and duplexer cannot effectively reduce MSD, and this topology would not be considered for the rest of MSD analysis.

· B42 Rx selectivity to B3 Tx was 15 dB better than previous assumption. As a result, the H2 contribution from LNA was reduced significantly.

· Added transceiver on-chip coupling from PA driver output to LNA input based on measurement data.

· Antenna switch IP2 performance was 6 dB better than previous assumption based on more measurement data.

Table 2.2-1 summarizes the updated front-end component isolation and linearity performance and Table 2.2-2 presents the link analysis to calculate the 2nd harmonic power level referenced to antenna port.

	Isolation
	dB
	Linearity (IP2)
	dBm

	Duplexer 
	25
	Duplexer
	90

	Harmonic filter
	30
	Harmonic filter
	120

	Diplexer
	20
	Diplexer
	120

	Antenna
	10
	Switch
	118

	PCB
	70
	LNA (IIP2)
	5

	B42 Rx selectivity @ B3 Tx
	45
	 
	 


Table 2.2-1 Front-end component isolation and 2nd order linearity parameters for MSD calculation
	Insertion loss (dB)
	4
	 
	 

	PA output power (dBm)
	27
	 
	 

	Main Path

	Harmonic filter after duplexer
	dBm
	Without harmonic filter
	dBm

	H2 @ PA output
	-8.0
	H2 @ PA output
	-8.0

	Duplexer H2
	-36.0
	Duplexer H2
	-36.0

	H2 @ duplexer  output
	-33.5
	H2 @ duplexer  output
	-33.5

	Harmonic filter H2
	-74.0
	 
	 

	H2 @ harmonic filter output
	-63.1
	 
	 

	Diplexer H2
	-74.0
	Diplexer H2
	-74.0

	H2 @ diplexer output
	-73.5
	H2 @ diplexer output
	-53.4

	Switch H2
	-72.0
	Switch H2
	-72.0

	H2 @ switch/antenna port
	-69.7
	H2 @ switch/antenna port
	-53.4

	PCB coupling referred to antenna
	-74.0
	PCB coupling referred to antenna
	-74.0

	On-chip DA H2 to LNA
	-92.0
	On-chip DA H2 to LNA
	-92.0

	LNA H2 referred to antenna
	-85.0
	LNA H2 referred to antenna
	-85.0

	Total H2
	-68.2
	Total H2
	-53.3

	Diversity Path

	With harmonic filter
	dBm
	Without harmonic filter
	dBm

	H2 @ antenna
	-79.7
	H2 @ antenna
	-63.4

	Switch H2
	-92.0
	Switch H2
	-92.0

	Diplexer H2 referred to antenna
	-94.0
	Diplexer H2 referred to antenna
	-94.0

	PCB coupling referred to antenna
	-74.0
	PCB coupling referred to antenna
	-74.0

	On-chip DA H2 to LNA
	-92.0
	On-chip DA H2 to LNA
	-92.0

	LNA H2 referred to antenna
	-105.0
	LNA H2 referred to antenna
	-105.0

	Total H2
	-72.8
	Total H2
	-63.0


Table 2.2-2 Link analysis for 2nd harmonic power level calculation
The MSD levels after MRC by assuming uncorrelated main path and diversity path H2 are summarized in Table 2.2-3.

	 
	H2 (dBm)
	MSD (dB)

	
	Main
	Diversity
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	w/i harmonic filter
	-68.2
	-72.8
	24.9
	21.9
	20.1
	19.0

	w/o harmonic filter
	-53.3
	-63.0
	35.6
	32.6
	30.8
	29.6


Table 2.2-3 MSD with H2 fully aligned with DL carrier
Figure 2.2-1 shows the dependence of MSD level on PCB isolation. It is seen that by adding harmonic filter, the MSD can be reduced by nearly 13 dB if PCB isolation is improved from 60 dB to 80, while the MSD improvement without harmonic filter is less than 3 dB.
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Figure 2.2-1 MSD level versus PCB isolation
2.3 H2 side-lobe emission level          
H2 side-lobe emission level was characterized through both measurement and simulations with the model calibrated over a commercial LTE B3 PA. The simulated baseband equivalent and measured H2 spectrum for UL BW at 10 MHz and 5 MHz are shown in Figure 2.3-1 and Figure 2.3-2, respectively.
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Figure 2.3-1 Simulated and measured H2 spectrum for UL BW = 10 MHz
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Figure 2.3-2 Simulated and measured H2 spectrum for UL BW = 5 MHz
2.4 MSD at 10 MHz offset from H2 edge
MSD at 10 MHz offset from H2 edge was derived based on H2 level summarized in Table 2.2-3 and the H2 side-lobe emission level as captured in Figure 2.3-1 and Figure 2.3-2. The results for the cases of using descended emission noise profile and constant noise density over the integrated DL carrier bandwidth are summarized in Table 2.4-1 and Table 2.4-2, respectively.
	UL RB #
	MSD over DL CC bandwidth w/i HF (dB)

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	25
	0.7
	0.4
	0.3
	0.2

	50
	1.9
	1.3
	1.0
	0.8

	UL RB #
	MSD over DL CC bandwidth w/o HF (dB)

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	25
	4.8
	3.6
	2.9
	2.5

	50
	8.5
	6.9
	6.0
	5.3


Table 2.4-1 MSD at 10 MHz offset from H2 edge (descended noise integrated over DL CC BW)
	UL RB #
	MSD over DL CC bandwidth w/i HF (dB)

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	25
	0.7
	0.7
	0.7
	0.7

	50
	1.9
	1.9
	1.9
	1.9

	UL RB #
	MSD over DL CC bandwidth w/o HF (dB)

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	25
	4.8
	4.8
	4.8
	4.8

	50
	8.5
	8.5
	8.5
	8.5


Table 2.4-2 MSD at 10 MHz offset from H2 edge (worst case, constant noise density) 
3
Conclusion

In this contribution, we derived the MSD levels for B42 in CA_B3_B42 under the condition when H2 is fully aligned with DL carrier as well as at 10 MHz offset from H2 edge.     
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