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1
Introduction
In RP#46, RAN plenary approved a work item on carrier aggregation [1] and tasked RAN4 to discuss which carrier combinations should be targeted in this WI. Carrier aggregation could be either intra-band or inter-band. Since there are a very large number of potential band combinations that could be addressed, we present some considerations on prioritization of inter-band carrier aggregation. 
2
Discussion
We present some high-level implications on UE architecture and complexity to support carrier aggregation. In a single carrier FDD scenario, a duplexer ensures that the transmission on the uplink does not interfere with the reception on the downlink. In a dual-band carrier aggregation, say comprising of bands A and B, we would need to ensure not only that the UL TX on band A doesn’t interfere with the DL RX on that band, but also that it doesn’t interfere with DL RX on band B. Similar considerations apply to the UL TX on band B. Even if one were to design a duplexer for each of the bands that ensures that neither DL band is affected, directly connecting two duplexers together can affect each other’s filter characteristic thereby losing the isolation that is needed to operate at reference sensitivity. Therefore, the general solution to this problem is a “quadplexer” (except possibly in some cases with a lot of isolation between the two bands). Such a quadplexer will need to be specially developed for each band combination and is likely to be significantly more complex and expensive compared to a duplexer.     

We now consider a 3-band case, say comprised of three carriers on bands A, B and C. By the same arguments as for the dual-band case, a transmission on any band should not interfere with the reception on any other. Since the duplex filters are not tuneable, the filtering solution has to be effectively designed to handle the case when all three bands are in use simultaneously, even though that is not an allowed configuration.  A “hexaplexer” would be necessary to support such tri-band communication. Such “hexaplexers” are not commercially available today and will likely lag in development to quadplexers and will probably have higher insertion losses. Note that the above problem in the 3-band case is not simplified even if we enforce a constraint that only two bands of the 3 bands are active at any given time. A UE that is designed to operate on band combinations A+B and A+C can’t be automatically assumed to operate on band combination B+C. As a simple example, let band A be in the 1.9GHz and let band B be lower 700 MHz and band C be upper 700 MHz. A UE could be designed with a diplexer to ensure sufficient isolation between the 700MHz and 1.9MHz carriers, but that diplexer can’t ensure isolation between the upper and lower 700MHz carriers.  
We should also weigh the complexity of implementing tri-band combinations against potential benefits. A tri-band combination from an operational perspective is the same as three independent band pair combinations, since the UE will not receive or transmit on more than two bands at the same time. Similarly, based on the previous arguments, the implementation complexity will also be equivalent to implementing three individual dual band combinations. It is not likely that such complexity is warranted by practical deployment scenarios. In case the complexity is warranted, it is still beneficial to retain flexibility by actually defining individual capability indication for each of the three band pair combinations. 
Regarding the possibility of the UE operating simultaneously on all thee bands (not considered a valid scenario currently), we can note the following. Even in the dual band case, there can be substantial pathloss and shadowing differences between the two bands. Firstly, in link-budget limited cases, many UEs can only operate on one band. Secondly, even for non-link-budget limited UEs, there will be different geometry values on the two bands. Thus using the weaker band for any given UE and twice the BW does not double the UE throughput compared to just using the stronger band. With 3-bands, the relative gains of using the 3rd band are even lower.  
Finally, the potential number of tri-band combinations is far greater than the number of dual-band combinations, which in itself is non-trivial. Given that RAN4 is expected to busy for Rel 10, it would be very difficult to introduce requirements for all possible dual-band combinations, let alone all possible tri-band combinations.   

3
Conclusion

Based on the discussion in this document, we recommend RAN4 to adopt the following prioritization in order to meet operator needs for carrier aggregation scenarios in a timely manner.
Proposal: For Rel 10, carrier aggregation scenarios comprising of two bands should be prioritized over those comprising of three or more bands. 
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