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1. Introduction

In [1], a number of RF front-end architectures were presented to support interband carrier aggregation between high and low bands.  Each architecture had particular advantages and disadvantages related to complexity, scalability, size, component count, and RF performance.  Associated with each architecture are the accommodations necessary in the specification.  Of note, one architecture was presented which would enable a simplistic way to support multiple high/low band combinations.  In this contribution, we extend the discussion to include more complex architectures required to support multiple CA configurations not limited to high/low combinations.
2. Discussion

The following configurations are discussed

1. Multiple high/low band combinations required.  These could be discrete pairings or overlapped (not simultaneously, of course); i.e., H1+L1 and H2+L2, or H1+L1 and H1+L2.

2. Multiple discrete high/high or low/low combinations; i.e., H1+H2 and L1+L2.

3. Multiple high/high or low/low combinations with overlap; i.e., H1+H2 and H1+H3.

4. Single or multiple high/low combinations with non-overlapping high/high or low/low; i.e., H1+L1 and H2+H3.

5. Single or multiple high/low combinations with overlapping high/high or low/low; i.e., H1+L1 and H1+H2

2.1. High/low combinations possibly overlapping

A simplifed architecture to support multiple high/low band combinations was presented in [1] and the block diagram is repeated here in Figure 1.  In this diagram, an example is shown where there are three high/low combinations as well as a stand-alone high frequency band supported by the UE.
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Figure 1.  RF architecture capable of supporting multiple high/low band combinations.

This architecture is well-suited when all of the band combinations which must be supported fall into the CA class of high/low.  However, a different architecture must be considered if a high/high or a low/low combination is  required either in addition to or instead of the high/low combination.
2.2. High/high or low/low combinations

In the case that a high/high or low/low is required without the need to support a high/low combination, then the following architecture could be used as shown in Figure 2.  Here, the use of quadplexers is illustrated to provide duplexing and cross-band isolation between the high/high bands.  Note that due to the specific requirements for each band combination requiring a quadplexer, it is unlikely that a generic high/high or low/low quadplexer could be developed.  Instead, the quadplexers are expected to be band-specific.  There are two high/high band pairs in this example as well as two standalone bands which could be at any frequency.  For this architecture, the bands H1, H2, H3, and H4 will be degraded by the insertion loss of their respective quadplexers.

[image: image2.emf]H1 BB

RF

RF

H2 BA

RF

Antenna

RF

quadplexer

switch

H1 H2

H3

RF

H4

RF

H3 H4

quadplexer


Figure 2.  RF architecture capable of supporting discrete high/high or low/low combinations.

2.3. High/high or low/low combinations with overlap

When multiple overlapping high/high or low/low combinations are required to be supported, one solution is to use a switch between the two quadplexers as shown in Figure 3.  Therefore, the overlapped band, H1 in this example, is subject to not only the loss of the quadplexer, but also an additional switch loss.
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Figure 3.  RF architecture for overlapping high/high or low/low combinations.
2.4. High/low with high/high or low/low combinations

For the case where a single or multiple high/low combinations must be supported as well as a high/high or low/low combination, the architecture shown in Figure 4 might be considered.  This architecture enables the flexibility for a number of high/low combinations as well as a high/high or low/low combination.  In the diagram, for example, a high/low combination between H1+L1 is shown as well as a low/low combination between L2+L3.  The insertion losses can become quite large since the constituent bands in the low/low combination now see the cascaded effect of both a diplexer as well as a quadplexer.  If only a single high/low combination is required, it may be possible to isolate that combination as shown in Figure 5 to trade off flexibility in order to save insertion loss.
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Figure 4.  RF architecture for flexible high/low and high/high or low/low.
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Figure 5.  RF architecture for single high/low and high/high or low/low.
2.5. High/low with overlapping high/high or low/low combinations

When it is required to support high/low combinations as well as high/high or low/low combinations for which there is an overlap in one of the bands, the architecture of Figure 6 can be used.  In this example, the UE can support high/low combinations H1+L1, H2+L1 in addition to the low/low combination L1+L2.  However, the loss will be quite large for L1 since it is subjected to the sum of diplexer, quaplexer, and switch losses.
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Figure 6.  RF architecture for high/low and overlapping high/high or low/low.

2.6. How to define the specifications

It is clear that the number of possibilities in nearly limitless, yet, we are faced with the challenge of defining specifications for devices which will likely be required to support these configurations.  The following principles should be established.
1. All reasonable implementation architectures should be allowed by the specification.

2. The specifications should be as simple as possible.
3. A small number of reference architectures should be chosen and specifications defined using those architectures.
3. Conclusion

In this contribution, we have considered the UE RF architecture to support multiple band combinations.  The number of possibilities in nearly limitless with increasing complexity.  To define the specifications, we believe it is necessary to identify a small set of reference architectures for which the losses can be identified and appropriate relaxations specified for TIB and RIB.  We encourage further discussion to identify the set of reference architectures taking into consideration anticipated carrier aggregation configurations desired by the operators and implementation options for the UE.
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