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Introduction
In the last meeting, there’s some discussion about CA_3-42 about the B3 second harmonic problem. It was agreed that in this meeting, companies share the analysis and the decision for the harmonic filter will be made [1]. This section provides the UE RF analysis and some other views about UE-UE/UE-BS interference and roaming problem.
Discussion
UE RF analysis
Figure 1 is 3+42 UE RF reference architecture with HTF.








Figure 1: 3+42 UE RF reference architecture with HTF
Table 1, 2 and 3 show the analysis results for w/wo HTF architectures.
Table 1: 3+42 with HTF analysis
	　
	Primary
	Diversity

	Parameter
	Value
	H2 Level
	Value
	H2 Level

	B3 PA output power (dBm)
	28
	　
	28
	　

	B3 PA H2 (dBm)
	35
	-7.0 
	35 
	-7.0 

	B3 Duplexer Rejection (dB)
	30
	-37.0 
	30 
	-37.0 

	B3 Duplexer H2 (dBc)
	67
	-39.0 
	67 
	-39.0 

	H2 at Duplexer output (dBm)
	　
	-34.9 
	　
	-34.9 

	Harmonics Filter Rejection (dB)
	25
	-59.9 
	25 
	-59.9 

	HB Switch H2 (dBc)
	100
	-75.7 
	100 
	-75.7 

	H2 at HB Switch output (dBm)
	　
	-59.8 
	　
	-59.8 

	Triplexer Isolation (dB)
	20
	-79.8 
	20 
	-79.8 

	Antenna Isolation (dB)
	　
	　
	10 
	-89.8 

	UHB Switch IL (dB)
	1
	-80.8 
	1 
	-90.8 

	B42 Saw Filter IL (dB)
	2
	-82.8 
	2 
	-92.8 

	PA to LNA Isolation (dB)
	80
	-87.0 
	80 
	-87.0 

	Single Chip DA to LNA (dBm)
	-90
	-90 
	-90
	-90

	Composite H2 at LNA port (dBm)
	　
	-80.8 
	　
	-84.5 



Table 2: 3+42 UE B42 MSD with HTF
	CBW (MHz)
	5
	10
	15
	20

	MSD after MRC (dB)
	20.4
	17.4
	15.6
	14.4



Table 3: 3+42 UE B42 MSD without HTF
	CBW (MHz)
	5
	10
	15
	20

	MSD after MRC (dB)
	38.3
	35.3
	33.5
	32.2



It can be seen from the above analysis that harmonic filter can help to decrease the MSD, but the MSD is still very large. And there’s another issue should be noted that when harmonic filter is used for 3+42, and the UE also supports 1+3, the filter will be put after the 1+3 quaplexer, Band 1’s Tx also will be impacted.
Possible single carrier B3 - B42 interference
UE-UE interference
If the network is deployed as Figure 2, a B3 UE is at the B3 cell edge and another B42 UE is also at the B42 cell edge. Then B3 UE transmits maximum output power signal, B42 UE receives very weak signal from B42 BS. At the same time, B3 UE is very close to B42 UE, for example 1m. B3 UE second harmonic may fall in the B42 UE’s receiving band directly, then B42 UE may not be able to receive the weak signal.


Figure 2: B3 UE interferences B42 UE
Table 4 is a rough analysis for this scenario.
Table 4: B42 UE single carrier MSD when the scenario in Figure 2 happens
	　
	Aggressor UE

	Parameter
	Value
	H2 level
with H2 filter
	H2 level
without H2 filter

	B3 PA output power (dBm)
	27.5
	　
	　

	B3 PA H2 (dBm)
	35
	-8.0 
	-8.0 

	B3 Duplexer Rejection (dB)
	30
	-38.0 
	-38.0 

	B3 Duplexer H2 (dBc)
	67
	-40.0 
	-40.0 

	H2 at Duplexer output (dBm)
	　
	-35.9 
	-35.9 

	Harmonics Filter Rejection (dB)
	25
	-60.9 
	-35.9 

	HB Switch H2 (dBc)
	100
	-76.7 
	-76.7 

	H2 at HB Switch output (dBm)
	　
	-60.8 
	-35.9 

	H2 at Aggressor UE ANT port (dBm)
	　
	-60.8 
	-35.9 

	Path loss and antenna loss between UE 
(1m distance, UE ANT gain 0dBi, antenna efficiency: 50%)
	49 
	　
	　

	　
	Victim UE

	H2 at Victim UE ANT port (dBm)
	　
	-110.0 
	-85.2 

	MSD for 5 MHz CBW (dB)
	　
	0.29 
	13.51 



From this analysis, we can see in the scenario in figure2, the harmonic filter can help to decrease victim UE’s MSD. If there’s no HTF, the MSD is large.
UE-BS interference
Another scenario is shown in Figure 3. B42 BS locates at the B3 cell edge, B3 UE transmits at maximum input power. At the same time B3 UE is very close to BS.


Figure 3: B3 UE interferences B42 BS
The B3 UE impact to B42 BS in the scenario shown in Figure 3 is as Table 5.
Table 5: B42 BS MSD when the scenario in Figure 3 happens
	　
	Aggressor UE

	Parameter
	Value
	H2 level
with H2 filter
	H2 level
without H2 filter

	B3 PA output power (dBm)
	27.5
	　
	　

	B3 PA H2 (dBm)
	35
	-7.5 
	-7.5 

	B3 Duplexer Rejection (dB)
	30
	-37.5 
	-37.5 

	B3 Duplexer H2 (dBc)
	67
	-39.5 
	-39.5 

	H2 at Duplexer output (dBm)
	　
	-35.4 
	-35.4 

	Harmonics Filter Rejection (dB)
	25
	-60.4 
	-35.4 

	HB Switch H2 (dBc)
	100
	-76.2 
	-76.2 

	H2 at HB Switch output (dBm)
	　
	-60.3 
	-35.4 

	H2 at Aggressor UE ANT port (dBm)
	　
	-60.3 
	-35.4 

	UE-Pico BS MCL (dB)
	45 
	　
	　

	　
	Victim BS

	H2 at Victim BS ANT port (dBm)
	　
	-105.3 
	-80.4 

	MSD for 5 MHz CBW (dB)
	　
	1.8
	22.1



From the analysis, we can see that if the network is deployed as Figure 3, then the cell edge B3 UE will degrade B42 BS severely if B3 UE doesn’t use second harmonic filter.
Some suggestions for the architecture
For 3+42, we suggest using harmonic filter at B3 Tx path. For the CA UE B42 MSD, even the filter is used, the MSD is still very large. But if there’s no filter, the CA may not be considered because of the about 40 dB B42 MSD. Another important reason is that we see some other interference scenario. For the UE-UE interference, actually we think it’s a corner case, if system level simulation is done for this scenario, the possibility may be very low. But for the UE-BS scenario, we want to remind operators that scenario may need to be avoided because of the BS REFSENS degradation. If that scenario may happen in the deployment, we suggest even B3 single carrier UE design should use the harmonic filter to avoid the interference to B42 BS.
According to the discussion about two architectures, we also remind operators to consider these interference scenarios when roaming UE without HTF works in the network. As there’s some concerns from operators that they may want good performance UE and don’t want to use the filter. We suggest operators having the same CA spectrum to discuss roaming issues, the “worse” performance UE may not work properly in the “good” network. If there will be two kinds of UE for this CA, roaming may not be possible.
Conclusion
In this contribution, we provide the 3+42 UE performance analysis for the architectures w/wo HTF. We also analyzed some possible UE-UE/UE-BS interference in the deployment. As a conclusion, we suggest using HTF for 3+42.
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