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1. Introduction

It has been acknowledged in previous discussions that consideration should be given for the UE that supports multiple band combinations.  This contribution discusses RF front end designs for supporting multiple band pairings. As the required number of band combinations to be supported within a single platform increases, the complexity of the RF front end increases. This discussion considers trade-offs between RF front end complexity and performance.

2. Discussion

Figure 1illustrates an RF front end architecture supporting a single band pairing. As seen in the figure bands H1 and L1 can be processed by the front end as paired bands via the diplexer placed after the antenna switch.  The front end shown in the figure also supports standalone bands BA and BB. These standalone bands may be other 2G, 3G, or 4G bands supported by the device as primary bands or as roaming bands.  As has been extensively discussed, the diplexer introduces an additional insertion loss in the H1 and L1 Rx and Tx paths, where that insertion loss may be approximately 0.5 dB for diplexing between high and low bands [1],[2]. Also well recognized is that the insertion loss is present even when the constituent bands are operating in a single carrier configuration.  Finally, it is worth explicitly mentioning that this insertion loss is present for multi-technology UE’s in the case that they share the same front-end.  That is, even though the carrier aggregation is an LTE feature, if one of the bands H1 or L1 is also used for 2G or 3G, it will also be subject to this loss when operating in 2G or 3G on that band.  With the diplexer placed after the switch, diplexer induced IL is limited to paired bands and does not affect stand alone bands.  
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Figure 1.  Simplified diagram of RF front end architecture for single band pairing

The drawback of this architecture is that addition of more band pairings requires extra diplexers.  Figure 2 illustrates extension of the architecture to three mutually orthogonal band pairings. As an example, in Figure 2, bands H1, H2 and H3 are high bands paired with low bands L1, L2 and L3, respectively, via three high/low band diplexers. Addition of more band pairings increases diplexer requirements with area increase of approximately 2.5mm2 for each additional diplexer. 
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Figure 2.  Simplified diagram of RF front end for multiple band pairings requiring duplication of diplexer circuit

Another drawback of placing the diplexer after the switch is that pairing of a given band with two separate bands (i.e., one common band in two pairings) requires two diplexers, duplication of the entire RF chain or the addition of a switch. In Figure 3, L1 is paired with both H1 and H2, requiring two separate diplexers as well as duplication of the duplexer for band L1. 
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Figure 3.  Simplified diagram of RF front end for two band pairings for same low band, L1, requiring duplication of diplexer and band L1 duplexer
These drawbacks for the case of multiple high/low band combinations in the same UE may be mitigated by placing the diplexer before the switch. Figure 4 illustrates an architecture supporting 3 high bands, H1-H3, and 3 low bands, L1-L3. By placing a single high/low diplexer before the switch, any combination of high and low pairing is accommodated. Specifically, any combination of Hi and Li, i=1,2,3, is now possible without changing the RF front end.  We note that such an architecture had previously been presented in [3] and discussed in [4].
The major disadvantage with this approach is that placing the diplexer prior to the switch introduces IL on all bands supported in the RF front end platform. As an example, the standalone band, BA, in Figure 4, incurs added IL from the diplexer. A second disadvantage is that mid-bands, whether aggregated or not for any 2G/3G/4G technology, are not easily supported.  Finally, using a single high/low diplexer for all high/low combinations does not allow a high degree of optimization of the diplexer for any particular band combination. These costs may be offset by a significant reduction of RF front end complexity, commonality and scale for component availability, and added flexibility for supporting all band pairing combinations as supported by the diplexer for those implementations that can take advantage of it. 
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Figure 4.  Flexible RF front end architecture for supporting multiple high/low band pairings
We note that the flexible architecture presented here is limited to cases where the bands to be aggregated are all high/low band combinations.  In the case that other band combinations (high/high, low/low, mid/high or low, etc), this architecture is not appropriate.  However, our opinion is that this architecture is a valid and attractive choice for the case where multiple high/low band combinations are required.
3. Conclusion

In this contribution, we have presented a RF front-end implementation to support interband carrier aggregation between multiple high and low bands.  When it can be used, this implementation has the advantage of being able to support multiple high/low band combinations without introducing additional complexity associated with multiple diplexer, duplication of RF chains, switches, multiple antennas (one alternate solution could be to employ four antennas, for example), etc.  The primary disadvantage, however, is that the insertion loss of the diplexer is now imposed on all bands not limited to those which are being aggregated and indeed not limited to LTE bands since it is expected that 2G and 3G bands supported by the device will also share the same RF front end.  We believe this could be a useful architcture to be considered as it can lead to considerable simplication of the RF front-end for those cases where it can be used.  Note also that we have only drawn the primary antenna and it should be recognized that this only represents half of the front-end since there must be a secondary diversity antenna and RF front end as well.  We encourage continued discussions on simplified RF architectures in support of multiple band combinations as well as consideration of of the appropriate Tx and Rx performance specification changes to support low complexity platforms.

Reference
[1] R4-111857, “Inter-band non-contiguous CA way forward on insertion loss question,” Nokia

[2] R4-112830, “Interband carrier aggregation framework,” Qualcomm
[3] R4-103180, “Impact of insertion loss in dual band operation,” Ericsson, ST-Ericsson

[4] R4-104099, “Additional insertion loss analysis for dual band HSDPA operation,” Qualcomm
















































1
3

_1374998291.vsd

_1374998701.vsd
Same RF band requires two RF front chains



_1374998159.vsd

_1374651582.vsd

