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1
Introduction
The UE self-desensitization issue for inter-band CA consisting of B41 due to insufficient cross-band isolation had been brought up in past two RAN4 meetings [1-2]. Following the proposals as set forth in [3], this contribution provides detailed analysis for CA_B3_B41 cross-band desensitization. The results can be referenced for future specifications development.      
2
Discussion
2.1 Reference architecture          
While CA_B3_B41 triplexing can potentially be achieved by cascading a diplexer (diplexer based) or adding phase shifters (triplexer based) between B3 duplexer and B41 filter, this analysis only focused on diplexer based reference architecture as illustrated in Figure 2.1-1, due to the limited information on triplexer based filter design.      
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Figure 2.1-1 Diplexer based reference architecture for CA_B3_B41 self-desensitization analysis
2.2 Filter performance          
The required filter isolation performance for this analysis was collected from a few filter vendors, as summarized in Table 2.2-1 to Table 2.2-3. The assumption values were used in the link analysis as will be presented in next section.   
	B3 duplexer performance

	 
	B3 Tx rejection @ B41 (dB)
	B3 Rx rejection @ B41 (dB)

	
	Min
	Typ
	Min
	Typ

	Vendor 1
	30
	36
	42
	55

	Assumption
	33
	45


Table 2.2-1 B3 duplexer isolation performance to B41
	B41 filter performance

	 
	B41 rejection @ B3 Tx (dB)
	B41 rejection @ B3 Rx (dB)

	
	Min
	Typ
	Min
	Typ

	Vendor A
	20
	27
	18
	25

	Vendor B
	15
	18
	15
	18

	Vendor C
	15
	17
	15
	17

	Assumption
	20
	20


Table 2.2-2 B41 filter isolation performance to B3
	B3_B41 diplexer performance

	 
	B41 rejection @ B3 Tx (dB)
	B41 rejection @ B3 Rx (dB)
	B3 rejection @ B41 (dB)

	
	Min
	Typ
	Min
	Typ
	Min
	Typ

	Vendor X
	10
	12
	15
	20
	15
	20

	Vendor Y
	 
	17
	 
	15
	 
	12

	Vendor Z
	 
	17
	 
	22
	 
	16

	Assumption
	15
	15
	15


Table 2.2-3 B3_B41 diplexer isolation performance
Table 2.2-4 also summarizes the insertion loss of B3_B41 diplexer which can be referenced when considering the Tib and Rib relaxations for this CA combination.
	B3_B41 diplexer insertion loss

	
	B3 IL (dB)
	B41 IL (dB)

	
	Typ
	Max
	Typ
	Max

	Vendor X
	0.6
	0.8
	0.7
	1

	Vendor Y
	0.5
	
	0.8
	

	Vendor Z
	0.44
	
	0.5
	


Table 2.2-4 B3_B41 diplexer insertion loss performance
2.3 Link analysis          
Table 2.3-1 presents the link analysis for B41 Rx desensitization level calculation when UL is in B3 transmitting at maximum output power. It can be seen that the desensitization is mostly dominated by B3 Tx leakage induced noise through B41 Rx 2nd order nonlinear distortion. Table 2.3-2 further summarizes the desensitization level for all carrier bandwidth.   

	Noise from B3 Tx thermal
	Value
	Unit

	PA noise floor
	-135
	dBm/Hz

	Transceiver noise floor at PA output 
	-130
	dBm/Hz

	Total noise floor at PA output
	-128.8
	dBm/Hz

	Cross-band isolation
	48
	dB

	Coupled noise in victim band (main)
	-176.8
	dBm/Hz

	Antenna isolation
	10
	dB

	Coupled noise in victim band (diversity)
	-186.8
	dBm/Hz

	Noise induced by B3 Tx leakage through B41 Rx IP2
	Value
	Unit

	B3 Tx PA output power
	27
	dBm

	Cross-band isolation
	35
	dB

	B3 Tx power at B41 LNA input (main)
	-8
	dBm

	Antenna isolation
	10
	dB

	B3 Tx power at B41 LNA input (diversity)
	-18
	dBm

	B41 Rx IIP2
	50
	dBm

	Correction factor
	9
	dB

	IP2 induced noise at B41 LNA input (main)
	-75.0
	dBm

	IP2 induced noise at B41 LNA input (diversity)
	-95.0
	dBm

	Noise induced by B41 Rx reciprocal mixing
	Value
	Unit

	B41 Rx LO phase noise
	-148.0
	dBc/Hz

	Reciprocal mixing noise at B41 LNA input (main)
	-156.0
	dBm/Hz

	Reciprocal mixing noise at B41 LNA input (diversity)
	-166.0
	dBm/Hz

	B41 Rx desensitization level (5-MHz carrier)
	Value
	Unit

	Total interference noise (main) referred to antenna
	-70.8
	dBm

	Total interference noise (diversity) referred to antenna
	-89.5
	dBm

	B41 Rx noise figure
	9
	dB

	B41 Rx thermal noise floor (both main and diversity)
	-98.0
	dBm

	Total noise (main)
	-70.8
	dBm

	Total noise (diversity)
	-89.0
	dBm

	Desensitization level after MRC
	12.0
	dB


Table 2.3-1 Link analysis for B41 Rx desensitization level calculation
	BW
	Desensitization level (dB)

	5 MHz
	12.0

	10 MHz
	10.3

	15 MHz
	9.6

	20 MHz
	9.2


Table 2.3-2 B41 Rx desensitization level for all carrier bandwidth
Table 2.3-3 presents the link analysis for B3 Rx desensitization level calculation when UL is in B41 transmitting at maximum output power. It can be seen that the desensitization is mostly dominated by B41 Tx thermal noise floor leaking into B3 Rx band. Table 2.3-4 further summarizes the desensitization level for all carrier bandwidth, which is expected to be constant as the Tx thermal noise floor PSD is independent of carrier bandwidth.
	Noise from B41 Tx thermal
	Value
	Unit

	PA noise floor
	-135
	dBm/Hz

	Transceiver noise floor at PA output 
	-128
	dBm/Hz

	Total noise floor at PA output
	-127.2
	dBm/Hz

	Cross-band isolation
	35
	dB

	Coupled noise in victim band (main)
	-162.2
	dBm/Hz

	Antenna isolation
	10
	dB

	Coupled noise in victim band (diversity)
	-172.2
	dBm/Hz

	Noise induced by B41 Tx leakage through B3 Rx IP2
	Value
	Unit

	B41 Tx PA output power
	27
	dBm

	Cross-band isolation
	60
	dB

	B41 Tx power at B3 LNA input (main)
	-33
	dBm

	Antenna isolation
	10
	dB

	B41 Tx power at B3 LNA input (diversity)
	-43
	dBm

	B3 Rx IIP2
	50
	dBm

	Correction factor
	9
	dB

	IP2 induced noise at B3 LNA input (main)
	-125.0
	dBm

	IP2 induced noise at B3 LNA input (diversity)
	-145.0
	dBm

	Noise induced by B3 Rx reciprocal mixing
	Value
	Unit

	B3 Rx LO phase noise
	-152.0
	dBc/Hz

	Reciprocal mixing noise at B3 LNA input (main)
	-185.0
	dBm/Hz

	Reciprocal mixing noise at B3 LNA input (diversity)
	-195.0
	dBm/Hz

	B3 Rx desensitization level (5-MHz carrier)
	Value
	Unit

	Total interference noise (main) referred to antenna
	-91.2
	dBm

	Total interference noise (diversity) referred to antenna
	-101.2
	dBm

	B41 Rx noise figure
	9
	dB

	B41 Rx thermal noise floor (both main and diversity)
	-98.0
	dBm

	Total noise (main)
	-90.4
	dBm

	Total noise (diversity)
	-96.3
	dBm

	Desensitization level after MRC
	3.7
	dB


   Table 2.3-3 Link analysis for B3 Rx desensitization level calculation
	BW
	Desensitization level (dB)

	5 MHz
	3.7

	10 MHz
	3.7

	15 MHz
	3.7

	20 MHz
	3.7


Table 2.3-4 B3 Rx desensitization level for all carrier bandwidth

2.4 How to define relaxation requirements?
There can be two ways to define the relaxation requirements as presented in last RAN4 meeting [1]. One is to base on H/H CA framework for Tib and Rib relaxations [4], which however did not take into account of the required switch in B41 for simultaneously Tx/Rx operation. To account for the insertion loss from the additional T/R switch, the proposal from [5] can be considered,

	dB
	CA_B3_B41

	
	B3
	B41

	Tib
	0.5
	0.8

	Rib
	0
	0.3


Table 2.4-1 Proposed Tib and Rib relaxations without cross-band isolation improvement

This will also be associated with the reference sensitivity relaxations for B41 and B3 as summarized in Table 2.3-2 and 2.3-4, respectively.
The other approach is to allow more Tib and Rib relaxations in B41 such that at least 50-dB cross-band isolation is achieved for not allowing additional Tx induced desensitization. Based on the above link analysis, 15-dB improvement in B41 rejection to B3 is at least required which can seemingly be achieved by cascading another diplexer in B41 signal path. Considering that the diplexer insertion loss in B41 is between 0.5 to 1 dB, with the share pain approach, we can consider the following relaxations,

	dB
	CA_B3_B41

	
	B3
	B41

	Tib
	0.5
	1.2

	Rib
	0
	0.6


Table 2.4-2 Proposed Tib and Rib relaxations without additional Tx induced desensitizations

3
Conclusion
In this contribution, we provided detailed analysis for CA_B3_B41 cross-band desensitization. Based on the analysis results, we proposed two approaches for defining the relaxation requirements for future specifications development consideration.        
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