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1	Introduction
New WIs 1UL/2DL CA B3+B31 and B20+B31 have been approved in RAN65. [1][2] Since B31 spectrum is located in the proximity of 450MHz, which is much lower than general low band spectrum (~700 -- <=1000MHz). There are certain considerations regarding the CA involved with this band. The purpose of this contribution is to initial such discussion.

2	Discussion
B31 UL is 452.5MHz to 457.5MHz, and DL is 462.5MHz to 467.5MHz, lying ~250MHz away from other major low frequency bands. This causes several considerations and assumptions listed below:
1. Diplexer/switch: current diplexers and LB switches could cover low frequency end to lower than 450MHz without additional IL compared with 700MHz spectrum. 
2. Duplexer or quadplexer: at the moment, only duplexer of B31 could allow one to estimate performance with absence of quadplexer roadmap from component vendors. Existing duplexer shows larger-than-usual IL due to small gap size between UL/DL. Additionally, due to lower operating frequencies, multiple component vendors have claimed that component packaging size could be an issue with 1 to 2 times larger than normal duplexer size. This potentially would degrade duplexer/quadplexer performance further, if any trade-off is needed between size and performance. It is also noteworthy that prospective vendors may only provide B31 duplexer solution.
3. PA: a dedicated PA for 450MHz needs to be implemented for B31. The performance needs to be evaluated. Especially 4th order harmonics of B31 would degrade B3 DL performance potentially. 4th order harmonics from B31 PA needs to be studied carefully.
4. Antenna: existing low band antenna shows greater than usual loss for lower frequency due to worse antenna efficiency. With existing data, it is expected that the antenna has an additional 4~5dB worse antenna efficiency at ~600MHz compared to 700MHz. Therefore, even a 7.5dB worse antenna efficiency than at 600MHz would be anticipated at ~450MHz if adopting current low-band antenna design. As this antenna performance is determined by the antenna size inside the phone, it seems impractical to use a normal antenna for 450MHz in a smartphone. The only other option is a dedicated retractable external 450MHz antenna for B31 only; however, this may not be feasible due to device size limitation. The antenna performance may not be an issue with other much larger devices like wall mounted routers etc.
5. Reference architecture: 
a. B3+B31: There is no doubt that conventional H/L architecture would be assumed for B3+B31. With 4th order harmonics of B31 interfering with B3 DL, a trap filter may be favoured as shown in Figure 2.1 for preventing HB DL degradation due to LB harmonics interference, depending on the power level of 4th order harmonics. 
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Figure 2.1
b. B20+B31: Consistently with other L/L band combinations, CA B20+B31 also has assumed conventional L/L architecture for B20+B31 with quadplexer implementation. However, due to the abnormal large size for B31 components, and the large frequency separation between B20 and B31, diplexer + 2 duplexers architecture is recommended by multiple vendors, instead of conventional quadplexer. The potential architecture is shown in Figure 2.2. The downside for this architecture is obvious that additional diplexer is needed for implementation. However, without the additional IL introduced from prospective quadplexers, potentially smaller IL might be anticipated for overall path loss.
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Figure 2.2

c. Dedicated B31 antenna optimized at ~450MHz: It could lower IL from antenna. However, with the limitation of device size, it may not be feasible. Therefore, it should not be assumed as a reference architecture. 
3	Conclusion
In this contribution, several key aspects regarding B31 CA have been addressed and discussed. Further work is needed for progressing B3+B31 and B20+B31 WIs. 
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