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1. Introduction

In this contribution we present an autonomous eNode-B component carrier selection concept for LTE-Advanced. The basic idea is that each cell selects at least one active component carrier. Secondly, cells dynamically select additional component carriers, depending on the offered traffic conditions, radio conditions, etc. Component carriers not being selected by a cell are muted, i.e. no transmission of any uplink/downlink channels and reference symbols is performed.  The proposed concept essentially provides a simple autonomous self adjusting frequency reuse mechanism for LTE-Advanced, which is considered especially beneficial for local area environments such as outdoor municipal hot spot areas and indoor pico cell cases with uncoordinated (home) eNode-B deployment.

In the following we further describe the proposed concept. We start by first outlining the basic idea and underlying assumptions for LTE-Advanced with carrier aggregation in Section 2. The performance benefits of the proposed scheme are shortly discussed in Section 3, followed by a more detailed concept description in Section 4. In Section 5 we suggest to further investigate “over-the-air communication” between (home) eNode-Bs for special cases where there is no X2 between nodes. Concluding remarks are summarized in Section 6.
2. Basic assumptions and motivation
As discussed in several other contributions, the LTE-Advanced system bandwidth is assumed to consist of a number of separate component carriers (see for instance [1]). For the case with 100 MHz system bandwidth, 5 component carriers of 20 MHz are generally assumed as illustrated in Figure 1.
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Figure 1: Basic illustration of component carriers to form LTE-Advanced system bandwidth.

However, other configurations such as e.g. 4 component carriers of 10 MHz, or sets of component carriers with different bandwidth sizes could potentially be configured as well (exact configurations are FFS). A Rel’8 terminal is assumed to be served by a single component carrier, while LTE-Advanced terminals can be served simultaneously on multiple component carriers.

It is proposed that each cell automatically selects one of the component carriers as its primary carrier (also some-times called the base carrier). The primary/base carrier is assumed to be used for initial connection of terminals in the cell. Depending on the offered traffic in cell and the mutual interference coupling with the surrounding cells, transmission/reception on all component carriers may not always be the best solution. It is therefore proposed that each cell dynamically selects additional component carriers for transmission/reception as well. The latter is referred to as selection of secondary component carriers (also some-times called extended carriers). All component carriers not selected for primary or secondary are completely muted (uplink/downlink) and not used by the cell. 

The proposed concept uses a distributed and fully scalable approach i.e. selection of primary/base and secondary/extended carriers is done locally by each cell. Hence, in the proposed scheme there is no need for a central network component.
3. Performance benefits

The proposed scheme provides an autonomous self adjusting mechanism to achieve nearly optimal frequency reuse configuration. This is considered to be beneficial for local area environments such as outdoor municipal hot spot areas and indoor pico cell cases with uncoordinated (home) eNode-B deployment. In these cases, a frequency reuse configuration other than plain reuse one is often found to be best. Additionally, as the optimal frequency re-use configuration depends on many factors such as the offered traffic per cell, the location of (home) eNode-Bs, etc., it is desirable to have an automatic mechanism for component carrier selection to avoid the need for the more expensive radio planning exercises including frequency planning. 

In order to support these claims, we have been running a series of simple simulations, where we have compared performance of plain reuse one configurations to that of different hard frequency reuse configurations. The results are obtained from a simple SINR based simulator, where we get SINR statistics for each user location, and use look-up tables to map the SINR to throughput values. A simple equal resource scheduler is assumed, and mechanisms like HARQ are not explicitly modelled. As many of the previous LTE Rel’8 studies for macro cell case #1 concluded that plain reuse one is attractive for such environments, we have mainly focused on local area cases here. One of the local area scenarios is the indoor case with multiple (home) eNode-Bs. As an example, the indoor hotspot scenario proposed by ITU-R [2] includes a case with line-of-sight (LOS) between two eNode-Bs. For such a scenario there is high interference coupling between the two eNode-Bs. Our first simulation results the indoor environment in Figure 2 with four eNode-Bs (although not using the exact same parameter settings as ITU-R) shows a gain on the order of 40% and 200% in average cell throughput and cell edge user performance (95% coverage), respectively, from using frequency reuse 1:2 as compared to plain reuse 1:1. The optimal reuse configuration depends on the number of eNode-Bs and their relative location. Hence, these first performance results indicate a potential from using dynamic frequency reuse for local area scenarios, where some eNode-Bs potentially may interfere significantly with each other.
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Figure 2: Simulated indoor environment for eNode-Bs (assuming omni directional antennas)

Assuming that each individual control channel (e.g. PDCCH) is only spread over one component carrier, the proposed scheme also provides SINR improvements for such signalling channels. This is an improvement compared to LTE Rel’8, where the SINR improvement is only applicable to data channels (PDSCH and PUSCH). 

4. Selection of primary and secondary component carriers 
In this section we further elaborate on the mechanism for autonomous selection of primary and secondary component carriers. Once a new LTE-Advanced (home) eNode-B is switched on, it shall start by selecting one of the component carriers as its primary. UEs can not connect to the eNode-B before the primary carrier has been selected, and no signals are transmitted from it. The information available for selection of the primary component carrier is therefore mainly local eNode-B measurements (e.g. uplink received interference on each component carrier) as well as potential information from surrounding active eNode-B on which component carriers they have selected. Once the eNode-B has selected its primary component carrier, it can start to carry traffic. The quality of the primary component carrier is here-after monitored by the eNode-B, and in case quality problems are detected, it may trigger a reselection, where another component carrier is selected as the primary.

As the offered traffic increases for the cell, the eNode-B starts to allocate additional secondary component carriers, if this can be allowed without seriously degrading the performance of surrounding cells. Information available for secondary carrier selection (or release in case of lower offered traffic) could include both local eNode-B measurements, measurements from active terminals attached to the cell, as well as limited side-information from the surrounding eNode-Bs. The latter may include information of which component carrier’s different neighboring eNode-Bs have selected for primary and secondary, as well as signaling to allow one eNode-B to indicate if it is experiencing severe quality problems on certain component carriers. 
The rate for selection (or reconfiguration) of primary and secondary component carriers is assumed to be fairly slow, as changes are mainly required to track slower variations of offered traffic in the different cells, as well as when new (home) eNode-Bs are powered on or off. An adaptation rate of no faster than approximately tens of seconds, to several minutes, is therefore expected to be sufficient for primary/secondary selection. Most likely with a faster adaptation rate for secondary component carriers as compared to the primary. The autonomous selection of primary and secondary can be regarded as the outer most RRM control loop for the eNode-B. The inner RRM control loops consists of fast link adaptation, packet scheduling, Hybrid ARQ, etc.. According to control theory, the outer control loop has to be orders of magnitude slower than the inner control loop(s), which is fulfilled with the suggestions given for primary/secondary selection rate.

The exact requirements, measurements, and inter-node signaling for primary and secondary component carrier selection are for further study.

5. Over-the-air communication 

In this section we further elaborate on the required standardization actions to have the proposed concept supported for LTE-Advanced. As mentioned in the previous sections, the proposed concept with autonomous component carrier selection to automatically obtain the best frequency reuse, is primarily expected to provide benefits for local area environments with uncoordinated (or irregular) eNode-B deployments. 
A likely scenario for local area pico cells is uncoordinated installation of home eNode-Bs without X2 interface, and no prior knowledge of the immediate neighboring home eNode-Bs. However, as shortly discussed in Section 4, the proposed concept requires some information exchange between neighboring nodes to allow convergence in the selection of the component carriers that results in the optimal frequency re-use, conditioned on the offered traffic, etc. In order to be able to fully accommodate such cases, we therefore propose to consider over-the-air communication between such (home) eNode-Bs within the LTE-Advanced system bandwidth. A possible solution for facilitating such over-the-air communication between nodes could potentially be via a broadcast channel. Note that over-the-air communication also is expected to be useful for other SON a-like features, including during initialization and self configuration of new home eNode-Bs that are powered on.
The exact details of such an over-the-air communication concept between (home) eNode-Bs are for further study, before drawing final conclusions on whether to include in LTE-Advanced.

6. Conclusions

In this contribution we have discussed a simple concept for eNode-B autonomous selection of component carriers. The concept is motivated by the fact that each eNode-B does not always need the full LTE-Advanced system bandwidth, and therefore in many cases only need a sub-set of the available component carriers. In local area environments with irregular, or uncoordinated, (home) eNode-Bs, the best performance is often obtained by using a configuration different from plain frequency reuse one. For such cases, the proposed concept provides an automatic self adjusting mechanism for selecting the optimal frequency reuse, without the need for prior network planning, etc. As the frequency reuse is in steps of component carriers, the proposed technique brings SINR improvements for both data and control channels. The proposed concept is distributed and fully scalable i.e. selection of primary/base and secondary/excess carriers is done locally by each cell. Hence, there is no need for a central component in the network. The proposed scheme is primarily expected to bring benefits for local area environments, and is seen as an enabler for cheap uncoordinated (home) eNode-B deployment. 

As discussed in Section 5, local area deployment may some-time include home eNode-Bs without any X2 interface for communication with its neighbours. For such cases, we suggest to potentially consider introducing over-the-air communication between Nodes within the LTE-Advanced system bandwidth (e.g. via a broadcast channel). Other SON a-like features could also benefit from having such over-the-air communication. Further studies of possible concepts for such over-the-air communication is needed before deciding if it should be included in LTE-Advanced.
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