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1. Introduction
The introduction of LTE‑Advanced (LTE‑A) systems with carrier aggregation will result in base station equipment needing to support larger aggregate RF bandwidths than required for Release 8/Release 9 LTE systems.  In the case of contiguous carrier aggregation, it is likely that current‑generation power amplifiers (PA) used will not meet existing performance requirements over the increased bandwidths required to satisfy LTE‑A scenarios.  In the case of multi‑band, non‑contiguous deployments, different PA configurations may be required.  Design tradeoff considerations for various carrier aggregation scenarios are discussed, and several recommendations are made toward new performance requirements.
2. Considerations for contiguous aggregation of LTE‑Advanced component carriers
The current LTE definition supports single contiguous transmission bandwidths of up to 20 MHz.  Current technology allows a single power amplifier to meet Release 8 and Release 9 performance requirements over this bandwidth with reasonable efficiency.  The addition of contiguous or non-contiguous carrier aggregation in a given band provides new challenges for transmission technology.  While advances in technology may allow bandwidths up to 30–40 MHz with acceptable RF performance and efficiency in the timeframe anticipated for LTE‑A deployment, a significant number of LTE‑A scenarios captured in [2] will require larger bandwidths.  Other methods will be required to reach these bandwidth objectives.
Some contiguous aggregation scenarios can be accommodated with current designs, particularly scenarios that involve adjacent intra‑band narrow‑bandwidth component carriers as is the case with four 5 MHz or two 10 MHz component carriers.  Combining multiple power amplifiers, however, may be the best choice for larger bandwidth scenarios.  A variety of low‑loss combining techniques are explained in [1] and include the combining of transmission signals with cavity filters, with input splitters, Fourier Transform Matrix (FTM) or constant impedance bandpass networks.  Hybrid combining methods can also be employed, but these approaches increase loss (at least 3 dB for two components) and decrease the overall efficiency of the power amplifier system.
While low-loss combining techniques avoid the pitfalls of hybrid combining techniques, using these techniques will result in the need for transition bands between the component carriers. In the case of combining two adjacent 20 MHz components for instance, the effective guard band between the inner RBs of the component carriers totalling 2 MHz can be used as a transition band.  Using this guard band allows existing Release 8/9 specifications to be met with minimal accommodation and within the constraints of existing technology.  While networks used to accomplish these techniques introduce lower loss than hybrid combining techniques, their loss (typically 0.5 to 1.5 dB for cavity combiners) must be accounted for in system design.  LTE‑A Release 10 specifications falling in line with existing LTE Release 8/9 specifications should be sufficient for these cases.

If transmission is allowed within the guard band area noted above, the use of low‑loss combining techniques will be limited and performance requirements that take into account the limitations of wider bandwidth designs will need to be considered.  Even so, attaining aggregate bandwidths greater than 40 MHz will require significant advances in technology from what is currently available.
3. Non‑contiguous carrier aggregation considerations
Several potential non‑contiguous aggregation scenarios present unique considerations.  One example scenario could include smaller bandwidth components (either 5 or 10 MHz) across multiple operating bands in close proximity from a frequency perspective, such as E-UTRA Bands 12 and 17, or 13 and 17 (700 MHz FDD).  With certain selections of component carriers, even this inter‑band scenario could be accommodated with considerably fewer RF components than wideband aggregation scenarios, though only a limited few may be able to utilize a single PA.  This type of aggregation scenario seems to warrant further study from the perspective of hardware feasibility and ease of operator deployment.  Non‑contiguous aggregation scenarios of interest may also include collections of adjacent intra‑band carrier components, such as the three 10 MHz carriers proposed in [3].
Combining narrowband components from E-UTRA Bands 8 and 20 (800 MHz) may also seem feasible at first, but the different relative locations of uplink and downlink frequencies in these bands makes likely the need of separate PAs for each band and associated combining techniques.
Other scenarios where the frequency separation between component carriers is large seem to be best served using traditional cross‑band combining techniques.  These techniques can be deployed within the performance requirements of current Release 8/9 standards.
4. Other considerations
It has been noted that aggregating a number of 20 MHz signals (for either transmission direction) into a larger LTE‑A signal may pose new problems with RF trunking across sectors within a single base station site, due to potential noise from these large bandwidths across the sectors.  Although not explicitly an issue for RAN4, this also points toward attempting to facilitate new requirements for LTE‑A when existing LTE components (with separate transceiver sections) are re‑used in the wider deployment.
5. Conclusion

The aggregation of multiple component carriers for use in LTE‑A proves challenging for many of the envisioned deployment scenarios with respect to maintaining hardware reuse and accommodation of existing LTE specifications.  Scenarios with adjacent components easily push practical hardware implantations into state‑of‑the‑art when attempting to reduce hardware complexity or meet existing LTE requirements.  Conversely, scenarios with non‑adjacent components may be accommodated in the current LTE specifications but easily could be difficult to implement practically.
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