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Background
The proposal to support Carrier Aggregation of Band 1, Band 3, Band 7 and Band 40 was approved in the 4DL basket WI in RAN#70 [1].
Discussion

UE architecture for CA_B1_B3_B7 has been discussed in previous meetings as shown in Figure 1 [1, 2], which can be a reference to consider the possible architecture for CA_B1_B3_B7_B40.
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Figure 1 UE architecture for CA_B1_B3_B7

In [2], separate antenna architecture was also discussed as an alternative option. 
Table 1 shows the agreed ΔTIB,c and ΔRIB,c values for all fall back mode band combinations. 

Table 1 Summary of 2DL additional relaxations 
	　
	ΔTIB,c (dB)
	ΔRIB,c (dB)

	Bands
	CA_1_3
	CA_1_7
	CA_3_7
	CA_7_40
	CA_1_3
	CA_1_7
	CA_3_7
	CA_7_40

	1
	0.3
	0.5
	
	
	0
	0
	0
	

	3
	0.3
	
	0.5
	
	0
	
	
	

	7
	
	0.6
	0.5
	0.5
	
	0
	0
	0

	40
	
	
	
	[0.6]
	
	
	
	0.5


After extensive discussion, the final agreed ΔTIB,c values for Band 1, 3 and 7 are all defined as 0.6dB and ΔRIB,c values are 0dB for these bands.

Compared to CA_B1_B3_B7, the cascaded diplexer architecture is not suitable for CA_B1_B3_B7_B40, as B40 frequency is close to both B1 and B7, which is hard to be separated by a diplexer.
Multiplexer could be a possible option. The architecture is shown in Figure 2. 
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Figure 2 UE architecture for CA_B1_B3_B7_B40
However, from the hexplexer information provided by filter vendor in [2] for CA_B1_B3_B7, the additional ETC insertion loss due to the hexplexer could be as high as 1.5dB for B3 and 1.2dB for B1. If B40 is incorporated into the multiplexer, the IL could be increased further. It is not the optimal solution even the structure could be feasible, not to say that filter vendor may not be interested in developing such a new device. 
Another choice is separated antenna structure as shown in Figure 3. 
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Figure 3 Alternative UE architecture for CA_B1_B3_B7_B40
We see that for each antenna, the reference architecture for CA_B1_B3 and for CA_B7_B40 has been used to derive the ΔTIB,c and ΔRIB,c requirements for these CA combinations. Even though the cost and implementation complexity could be higher than other solutions, it would be the easiest way to support this 4 bands CA combination, and devices for existing CA band combinations can be reused as well. 
From Table 1 it can be seen that the ΔTIB,c values are both 0.3dB, however, considering other possible solutions, we propose to define the ΔTIB,c and ΔRIB,c values based on CA_B1_B3_B7 for band 1, 3, 7 and based on CA_7_40 for B40. 

Table 2 Proposed ΔTIB,c and ΔRIB,c values for CA_B1_B3_B7_B40
	Bands
	ΔTIB,c (dB)
	ΔRIB,c (dB)

	B1
	0.6
	0

	B3
	0.6
	0

	B7
	0.6
	0

	B40
	0.6
	0.5


It is also noted that there are MSD issues for CA_B1_B40, CA_B3_B40 ,CA_B7_B40 and CA_B1_B3_B7. We propose to keep the same MSD values for each band in CA_B1_B3_B7_B40 with those in the fallback modes. If there are different MSD values for the same band in the case of same UL in the fallback modes, the max MSD value shall apply.
As CA_B3_B7_B40 and CA_B1_B7_B40 are the fallback modes of this 4DL band combination, the requirements discussed above can also be applied for this fallback mode combination.
Conclusion

UE architectures for CA_B1_B3_B7_B40 are discussed in this document. Proposals are provided as below for both ΔTIB,c / ΔRIB,c values and MSD requirements.
Proposal 1: It is proposed to define the ΔTIB,c and ΔRIB,c values for CA_B1_B3_B7_B40 based on those for CA_B1_B3_B7 and CA_B7_B40.

Proposal 2: It is proposed to keep the same MSD values for CA_B1_B3_B7_B40 based on those in the fallback modes. If there are different MSD values for the same band in the case of same UL in the fallback modes, the max MSD value shall apply. 
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