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1. Introduction
Last meeting, there are some proposals which discussed the research content for inter-band CA 2UL transmission. One of them proposed a new RF front-end architecture which supports contiguous and non-contiguous CA and inter-band CA applications [1]. But the switch matrix performance is difficult to realize and there are some disadvantages. Here, we summarize the contiguous and non-contiguous CA and inter-band CA reference architectures and present some proposals for RF front-end architecture.
2. Discussion

RF front-end architecture always is a hot topic, especially for carrier aggregation. It directly affects the circuit RF performance. We want to get some common proposals for inter-band carrier aggregation, through analysing the characteristics of contiguous, non-contiguous intra-band and inter-band CA.
First of all, we review the contiguous and non-contiguous intra-band CA reference transmitter architecture. Non-contiguous intra-band CA reference transmitter architecture is shown as Figure 1 [2]. In this reference transmitter architecture, it’s difficult to directly use structure for inter-band CA application, due to the limit bandwidth of PA and duplexer. Otherwise, it’s not economic for terminal design, using broadband device. This means high cost, power consumption and big circuit board.
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Figure 1: Non-contiguous intra-band CA reference RF front-end architecture

For non-contiguous CA RF front-end structure as above, we can find that it will be suitable for contiguous CA application, if there is only one transmitting and receiving chain. Then we get the contiguous CA RF front-end architecture as Figure 2 shows.
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Figure 2: Contiguous intra-band CA RF front-end architecture
Compared Figure 1 with Figure 2, we can find that non-contiguous CA RF front-end can contain the function of contiguous CA. For non-contiguous CA application, there is an especially scenario with zero gap as discussed in [3]. Due to the different specification definition, we should decide whether the requirements as channel spacing, SEM, MPR and ACLR for zero gap NC CA follow what has been specified for contiguous or non-contiguous intra-band CA. Fortunately, it doesn’t affect the circuit architecture. Therefore, the non-contiguous intra-band CA reference RF front-end architecture supports contiguous and non-contiguous CA applications.
For inter-band carrier aggregation, there are five different combination classes, due to the harmonic and intermodulation products. In inter-band CA 2UL work items, classes of inter-band combinations are modified in [4], as follows:
A1. Low-high band combination without harmonic relation between bands or intermodulation problem

A2. Low-high band combination with harmonic relation between bands 

A3. Low-low or high-high band combination without intermodulation problem (low order IM) 

A4. Low-low, low-high or high-high band combination with intermodulation problem (low order IM)
Fig. 3 shows the reference transceiver architecture for the inter-band carrier aggregation with 2 UL CCs in [5].
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Figure 3: Reference RF front-end architecture for inter-band CA
According to class A1~A4, we can find that this basic RF front-end architecture has small differences for each application. For instance, there is a harmonic filter which suppresses the 3rd harmonic interference term at the output of the duplexer in the RF path for class A2 with 1UL application. However, this harmonic filter is not necessary for class A1. It’s obvious that this RF structure supports contiguous intra-band CA. Just as discussion in [1], this RF structure can be used for non-contiguous intra-band carrier aggregation, if the frequency interval is small. Two sub-blocks will be located in Band X and Band Y, respectively. If there are two basebands and RF mixers in the transmitting link for Band X or Y, then each band can support NC CA.
Based on above discussion, we proposed a RF front-end architecture for supporting contiguous and non-contiguous CA and inter-band CA, as Figure 4 shows.
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Figure 4: Reference RF front-end architecture for NC CA and inter-band CA
For this RF front-end architecture, we can find that it includes the basic single carrier module as the green dashed frame and this module can be used for contiguous CA because the same link structure. Two single carrier modules can support NC CA as the blue dashed frame in Band Y. If there is only one single carrier module in each band, such as X1 in Band X and Y1 in Band Y, we can get the inter-band carrier aggregation. So far, this RF front-end architecture can support contiguous and non-contiguous intra-band carrier aggregation and inter-band carrier aggregation for 2 UL CCs. In order to simplify the circuit, we can use switch to replace splitter and combiner in this system. We can control the switch to realize different types of carrier aggregation.
Although this architecture can support different types of carrier aggregation, it seems a little complex and other problems. Here, we mainly discuss some aspects which are important for us to consider in 2UL application.
1. For terminal IC design, our goal focus on small size, low power assumption and including as much as possible frequency bands and they are contradictory. Low power assumption is a critical factor for mobile device; therefore we must balance the power assumption and the performance. 
Integration is another key problem which we must consider. As Figure 4 shows, this architecture has a little complex and implementing different bands with the same RF structure in a chip seems not cheap. And it will result in larger circuit size. In order to reduce the complexity, we usually will design IC with supporting CA for special region, which depends on the CA application in this region. For instance, we can find B39 will support intra-band contiguous CA (CA_C_B39) and inter-band CA (CA_B39_B41) in China. It requires the IC support at least two kinds CA applications.
2. Antenna design is a challenge if we use a common antenna for different frequency bands. Using different antenna means that the OTA performance for different bands can be guaranteed easily and occupied more space. And it brings the space isolation. There are some differences in the circuit design. Using one common antenna requires more effort and components to reduce the interference between different bands signal.
3. For inter-band CA application, we usually focus on the insertion loss of the additional diplexer, quadplexer and filters in UE core requirements. For inter-band CA with 1UL, we mainly discussed the method how to treat insertion loss of diplexer in output power and reference sensitivity. For the class with intermoduloation product, additional filter brings relatively lager insertion loss. So further discussion is necessary on ΔTIB,c and ΔRIB.
4. As 2UL CCs are active, the intermodulation products in addition to falling into the receive band also will affect other receiver performance, such as blocking, ACS, etc. This needs to be further study.
3. Conclusion

In this contribution, we proposed a RF front-end architecture supporting intra-band and inter-band carrier aggregations simultaneously and discussed some potential problems for inter-band carrier aggregation.
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