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1 Introduction
Band 2 and Band 4 carrier aggregation is high-high without intermodulation problem scenario when there’s one UL at the same time, which belongs to inter band carrier aggregation class A3. Band 2’s UL/DL frequency range lies between Band 4’s UL and DL, so the conventional diplexer with low/high pass filter can’t be used. When considering the additional IL of this band combination, the architectures possibly used by CA_2-4 is discussed in this paper.
2 Discussion
2.1 Band 2 and Band 4 frequency range
Band 2 and Band 4 frequency range is shown as following.
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Figure 1: Band 2 and Band 4 frequency range.
It can be noticed that Band 2’s UL/DL frequency range are in the middle of Band 4’s UL and DL. The guard between Band 2’s DL and Band 4’s DL is only 20MHz. 
2.2 Reference architecture
There are three reference architectures when considering the defined requirements. 
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Figure 2: CA_2-4 RF reference architecture 1
The first architecture shown in figure 2 is “diplexer” architecture. In this architecture, the high-high band combination is realized through a diplexer. Certain separation between bands is required to use this architecture. When the separation between bands is large enough, the insertion loss of diplexer will be comparable to the quadplexer option. With diplexer option, we can reuse the duplexers. But because of the special frequency location of Band 2 & Band 4 UL/DL in figure 1, the filters in the diplexer is band-pass filter and band-stop (notch) filter, which is not like the diplexer in the other carrier aggregation, in most CA these are low pass filter and high pass filter combination. And according to the small guard between Band 2 DL and Band 4 DL, the insertion loss and the isolation is a challenge to the diplexer. We asked one component vender, they can’t provide the exact simulation result now, but they think the IL and ISO will be worse than other CA’s diplexer. If other bands are supported, a switch will be used between the diplexer and antenna. If high-low CA support is required, diplexer+switch are required to replace the single switch in Figure 2.
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Figure 3: CA_2-4 RF reference architecture 2
The architecture 2 shown in figure 3 is the “quadplexer” architecture as shown in figure 3. In this architecture, the high-high (or low-low) band combination is realized by using the quadplexer. A quadplexer could be fabricated by combining the input of two duplexers with proper matching. This architecture will bring in the least additional insertion loss to the front end. For this approach, quadplexer performance depends on the matching, a redesign of quadplexer may be required to keep the design target of each individual duplexer. As shown in Figure 3, switch is required to support more bands, and diplexer+switch will be used to replace the switch for low-high CA support. This architecture does not require extra antenna.
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Figure 4: CA_2-4 RF reference architecture 3
The third architecture shown in figure 4 does not require special diplexer or quadplexer for high-high or low-low combination. When two high bands or two low bands are used in carrier aggregation, new antennas will be added such that only one high band or low band will be on in one antenna. This architecture does not have added insertion loss from quadplexer or insertion loss associated with diplexer, at the cost of additional antennas. This architecture will yield best performance, but the volume for the antennas is a challenge for UE. The “diplexer + switch” can be used as the building block to support more high-low CA configuration.
As we look into other possible CA combination like high-low combination, for example CA_2-17 or CA_4-12, we may need to consider the diplexer +switch as an integrated part of the proposed high-high CA architecture. The insertion loss from high-low CA architecture (“diplexer+switch” architecture) will be added to high-high CA architecture.
3 Conclusion
In this contribution, 3 possible RF reference architectures for CA_2-4 are discussed. The architecture in figure 2 seems to be more valuable when considering the insertion loss. But band 2 and band 4 are all in the other band combinations, the additional IL may be added.
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