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1
Introduction
The UE self-desensitization issue for inter-band CA consisting of B41 due to insufficient cross-band isolation was brought up in last RAN4 Ad Hoc meeting [1]. In this contribution, we provide further analysis on both B41 and its pairing band desensitization levels and propose a way forward on defining a supplement requirement for consideration.        
2
Discussion
2.1 Self-desensitization conditions

Since B41 is a TDD band, for self-desensitization to occur, it would require an FDD-like operation together with the pairing band, that is, when B41 is transmitting while the pairing band is receiving, or vice versa. In the case of B41 paired with a TDD band, the desensitization would only occur under simultaneous Tx/Rx operation. On the other hand, for B41 paired with an FDD band, the desensitization may occur when UL is in FDD band, and would only occur under simultaneous Tx/Rx when UL is in B41.

Observation 1: For B41 paired with a TDD band, the desensitization would only occur under simultaneous Tx/Rx operation.

Observation 2: For B41 paired with an FDD band, the desensitization may occur when UL is in FDD band, and would only occur under simultaneous Tx/Rx when UL is in B41.    
2.2 CA combinations consisting of B41

Table 2.2-1 summarizes the CA combinations consisting of B41 being proposed to date. Highlighted in yellow are the band combinations which may be subjected to self-desensitization problem as was described.   
	CA Combination
	Simultaneous Tx/Rx

	CA_39A_41A
	No

	CA_41A_42C
	No

	CA_1A_41C
	Yes

	CA_26A_41C
	Yes

	CA_8A_41C
	Yes

	CA_25A_41C
	Yes

	CA_3A_41A
	Yes


Table 2.2-1 CA combinations consisting of B41
2.3 B41 filter out-of-band rejection performance

As B41 has a relatively high band range to center frequency ratio (~ 7.5%), with current filter technologies, it is known to be fairly challenging to achieve out-of-band rejection performance close to FDD duplexer requirement without sacrificing the insertion loss. Since TDD single band operation does not require out-of-band rejection performance as stringent as in FDD duplexer, the rejection level is expected to be compromised to salvage the insertion loss.
To quantify the desensitization level under CA operation, it is necessary to recognize the B41 out-of-band rejection performance. Figure 2.3-1, Figure 2.3-2, and Figure 2.3-3 show the B41 filter wide-band frequency responses from three different filter vendors. 
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Figure 2.3-1 B41 filter wide-band frequency response from vendor 1
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Figure 2.3-2 B41 filter wide-band frequency response from vendor 2
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Figure 2.3-3 B41 filter wide-band frequency response from vendor 3
The common characteristic among these filters is that the rejection level in the high-band (between 1.7 GHz and 2.7 GHz) and 3.5 GHz band range can be as low as 20 dB which is also consistent with the observation in [1]. On the other hand, the rejection level in low-band (< 1 GHz) at 35 dB seems to be achievable among all three filters, which in conjunction with 15 dB of diplexer or triplexer isolation would likely be sufficient for cross-band isolation as typically required in FDD duplex operation. Therefore, for B41 paired with any low band, no additional relaxation or exception is required except when there is harmonic problem.   
Observation 3: For B41 paired with any low band, no additional relaxation is required except when there is harmonic problem.   

2.4 Desensitization due to insufficient cross-band isolation

In this section, we analyze the desensitization level of the pairing band as well as B41 itself based on the combined cross-band isolation at 35 dB (20 dB from B41 filter and 15 dB from diplexer or triplexer) which may occur when B41 in paired with a high or 3.5-GHz operation band.
For desensitization to the pairing band, the main mechanism is the B41 Tx output thermal noise leaking into the pairing band DL range. Table 2.4-1 presents the link analysis for the desensitization level to B41’s paring band.
	Item
	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
	35
	dB

	Coupled noise in victim band
	-163.8
	dBm/Hz

	Victim band noise figure
	9
	dB

	Victim band intrinsic noise floor
	-165
	dBm/Hz

	Total noise in victim band
	-161.4
	dBm/Hz

	Desensitization level (main path only)
	3.6
	dB

	Desensitization level (with diversity path)
	1.8
	dB


Table 2.4-1 Link analysis for the desensitization level to B41’s pairing band 
For desensitization to B41 itself, the impact is expected to be quite substantial since the Tx power from the paring band leaking into B41 LNA input is nearly 15 dB higher than typical FDD duplex operation, that is, -8 dBm versus -23 dBm. The desensitization can be caused by Rx 2nd order nonlinearity, LNA large signal induced noise figure degradation, and limited Rx dynamic range. Our estimation for the desensitization level based on state-of-the-art transceiver design is around 18 and 5 dB for without and with diversity path respectively, which is also subjected to implementation.

Observation 4: For B41 based on state-of-the-art transceiver design, the estimated desensitization level with diversity path is around 5 dB, which is also subjected to implementation.    

2.5 How to define the requirement?

One way of defining the requirement is to allow a certain amount of relaxation in reference sensitivity for both B41 and its pairing band when the paring band is in high-band or 3.5-GHz range. However, this substantial relaxation would be applied to the entire band range instead of as exceptions under certain UL/DL configurations, which may not be desirable for practical operations. Yet the B41 desensitization level is also subjected to implementation which may not be easy to be agreed upon among companies.

Another way of defining the requirement is to allow additional Tib and Rib on top of the existing framework [2] for UE to improve the cross-band isolation such that desensitization in both bands can be avoided. A few possible solutions can be considered,

· Re-engineer B41 filter performance to achieve the required out-of-band selectivity

· Cascade additional B41 filter in the signal path

· Add a diplexer-like filter in B41 signal path       
These potential solutions can be used as references to derive the additional Tib and Rib requirements. The advantage of this approach is that Tib and Rib likely would be easier to be agreed upon than desensitization level which can be implementation dependent. On the other hand, the Tib and Rib relaxations are expected to be much lower than desensitization levels as estimated earlier, which may be a better trade-off.

Proposal: For B41 paired with a high-band or 3.5-GHz band with either B41+FDD or B41+TDD supporting simultaneous Tx/Rx, an additional Tib and Rib is allowed for B41 on top of the existing framework. For that no further reference sensitivity relaxation can be applied provided that the pairing band is not in close proximity with B41. The additional Tib and Rib is FFS.       
3
Conclusion
In this contribution, we recaptured the UE self-desensitization issue for inter-band CA consisting of B41 as brought up in last RAN4 Ad Hoc meeting [1] and proposed a way forward on how to define the requirements for this type of CA combinations.

Proposal: For B41 paired with a high-band or 3.5-GHz band with either B41+FDD or B41+TDD supporting simultaneous Tx/Rx, an additional Tib and Rib is allowed for B41 on top of the existing framework. For that no further reference sensitivity relaxation can be applied provided that the pairing band is not in close proximity with B41. The additional Tib and Rib is FFS.                  
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