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1. Introduction

In this contribution we further discuss dynamic interference management techniques for LTE-Advanced. In particular, we address the attractive opportunities for interference management in combination with carrier aggregation for heterogeneous networks with e.g. a combination of macro cells and HeNBs. Thus, we focus on interference management scheme conducted in the frequency domain on component carrier (CC) resolution and in the transmit power domain. A fully distributed and autonomous scheme is described – known as autonomous CC selection (ACCS). In previous contributions [1]-[8], several ideas for such interference management schemes have been presented.
The contribution is organized as follows: In Section 2 we provide a short summary of the basic ACCS scheme, and we discuss how it can be applied for heterogeneous networks with mixture of macro and HeNB cells. In Section 3 we summarize what is required in terms of standardization to have such schemes fully supported for LTE-Advanced. Finally, concluding remarks and further recommendations are presented in Section 4.

2. Summary of the ACCS concept
In the following we outline the basic ACCS concept, where interference management is conducted in the frequency domain and power domain. The resolution in the frequency domain is on CCs, and hence, the concept requires configurations with multiple CCs. Such configurations could be anything from 2 CCs. Having 3 CCs is in many cases found to provide sufficient degree of freedom for interference management, for instance having a 15 MHz system bandwidth of 3x5 MHz (as an example). 

2.1 Overall concept summary

We assume that each eNB always has one active component carrier, denoted the primary component carrier (PCC). The PCC is automatically selected by the eNB when it is first switched on, and is assumed to provide full coverage. Depending on the offered traffic in the cell and the mutual interference coupling with the surrounding cells, transmission and/or reception on all component carriers may not always be the best solution, especially for cell-edge users or in general multiple coverage (e.g. due to multiple network layers). It is therefore proposed that each cell dynamically selects additional component carriers for transmission/reception as well (i.e. a second step after having selected the PCC). The latter is referred to as selection of secondary component carriers (SCC). All component carriers not selected are assumed to be completely muted (uplink/downlink) and not used by the cell. 

The proposed scheme uses a distributed and fully scalable approach. That is, selection of primary and secondary carriers is done locally by each cell. Hence, in the proposed concept there is no need for centralized network control. The suggested interference coordination mechanism is part of a hierarchical resource management process. The (re-)selection of component carriers is fairly slow and occurs over a longer time span when compared to fast packet scheduling which is free to operate within the restrictions imposed by the carrier selection process. Our three fundamental premises are:

· Absolute priority of primary over secondary component carriers; avoidance of PCC reselection, while SCCs can be reselected on a faster basis.

· When the offered traffic for an eNB requires more bandwidth, a cell may augment its cell capacity by allocating SCCs.
· An eNB is only allowed to allocate SCCs provided it does not result in excessive interference to the surrounding cells.
The last item is a policy preventing so-called greedy eNBs from using all the available component carriers for its own sake, even when this results in intolerable interference to the neighbouring eNBs. Hence, the proposed scheme for autonomous component carrier selection effectively provides an automatic frequency reuse scheme on a component carrier resolution. This approach ensures protection of both traffic and control channels. 

We assume that the allocation of PCC and SCCs is signalled between the eNBs, so the eNBs know which component carriers neighbouring eNBs are currently using. Henceforth, we refer to it as the Radio Resource Allocation Table (RRAT). Finally, it is assumed that local eNB measurements are available, as well as standard Rel-8 handover type of terminal measurements. 
2.2 Primary Component Carrier (PCC) Selection

The proposed ACCS scheme is further illustrated in Fig. 1 with a simple example. Here there are four existing eNBs, while a new eNB #5 is being switched on, and hence is ready for first selecting its PCC. The current selection of PCC and SCCs is illustrated for each eNB with “P” and “S”, respectively. Component carriers not allocated for PCC or SCC are completely muted, and not used for carrying any traffic.
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Fig 1 Simple illustration of the autonomous component carrier concept.

As the eNB is being initialized, it clearly cannot rely on UE assisted mechanisms; therefore, in addition to the information available in the RRAT, we propose new inter-eNB measurements based on reference signal received power levels for the purpose of estimating the path loss between neighboring eNBs. In FDD systems, this implies that eNBs are able to listen to the downlink band as well. It is proposed that the new eNB carry out the measurements on the primary component carrier of the surrounding cells and that knowledge of their corresponding reference symbol transmit power is available (signaled between eNBs), so that the inter-eNB path loss can be estimated. Given the aforementioned information, the new eNB is able to select the best CC for primary according to the rules described in [3]. After the new eNB has selected its primary component carrier, the cell is configured and it is ready to transmit and carry traffic. In parallel the eNB shall constantly monitor the quality of the primary component carrier to make sure that it continues to have the desired quality and coverage. If poor quality is detected, recovery actions will be triggered for improving the situation (see more details in [3]).

2.3 Secondary Component Carrier (SCC) Selection

One of the design targets is to maximize the cell throughput for each eNB, while always ensuring that the experienced SINR on PCC and SCC equals at least (C/I)PCC and (C/I)SCC, which represent minimum SINR targets expressed in decibels for the primary and secondary component carriers, respectively. These are considered as configurable parameters that could come from OAM, for example. Without loss of generality, we assume that (C/I)PCC is higher than (C/I)SCC as the PCC is assumed to always have full cell coverage while the SCCs may have reduced coverage, i.e. using less transmit power. 
Once it is detected that the capacity offered by the PCC alone is not sufficient to carry the offered traffic, the eNB will use two information sources to autonomously decide whether it can allocate additional secondary component carriers. The first source is the aforementioned RRAT which provides real time information on the usage of component carriers by neighboring eNBs. The second piece is the background interference matrix (BIM), which essentially expresses the interference coupling between cells. The BIM is created based on existing UE RSRP measurements. In possession of the information just described, an eNB is now able to decide whether or not the new allocation(s) will jeopardize any existing allocations based on the target SINR values. More details on how this is done can be found in [2]. 
2.4 Application of ACCS for Macro+HeNB scenarios
There are numerous possible solutions for applying the ACCS concept on heterogeneous networks with macro and HeNB cells. In the following, we outline such an example. We start with a simple case, where we assume
· The macro cell layer is planned to work well with plain frequency reuse one.

· Macro cell performance has priority. Thus user deployed installation of HeNBs should not jeopardize the macro cell layer performance.

Given those two assumptions, we can imagine a scheme where plain frequency reuse one is continued to be applied for the macro cell nodes as often originally planed. Simple HeNB power control solutions can be used to ensure that those cells do not create too much interference for the macro cells (such PC solutions are under standardization for Rel-9). Secondly, ACCS is used among the HeNBs to control the HeNB-2-HeNB interference, which especially needs controlling for areas of densely user deployed HeNB with CSG (see more detailed performance results in [8]). The advantage of such a simple layered interference management scheme is that the inter-node signaling required for ACCS is now restricted to neighboring HeNBs, while no signaling to macro cells, and no new ICIC mechanism are needed for the already installed macro cells.

Although we mainly discussed macro+HeNB case here as an example, the interference management concept shall also be designed to cover cases with operated deployed OSG pico cells in existing macro cells. For such cases the situation is slightly different, so less strict interference management techniques could be sufficient here. The latter is FFS.

3. Required standardization for ACCS
As described in Section 2, the ACCS concept requires signaling between the neighboring eNB using ACCS. If ACCS only is applied among HeNBs, then the only required signaling is between HeNBs. As the ACCS concept is envisioned to work on a relative slow basis, say changing CC configuration at most every few seconds (or even slower), the inter node signaling for ACCS is equally infrequent, and not subject to tight delay requirements of milliseconds. Signaling latency of e.g. 50-100 ms estimated to be acceptable. The following is short listing of required signaling to have ACCS working. Note that those signaling messages are mainly considered be to event triggered.
· Signaling of Radio Resource Allocation Table (RRAT) between eNBs using ACCS. The RRAT basically expresses which CCs a certain cell is current using for PCC and SCC.

· Exchange of BIM information. Neighboring cells shall exchange BIM information on a slow basis. See also more details in [2].

· In case of quality problems on a cell’s PCC, it has been proposed to define signaling of Interference Reduction Request (IRR) messages, which essentially can help improve the aforementioned problem. See more details in [3].

· Finally, we also anticipate the need for standardizing the signaling between neighboring nodes to solve potentially rare conflicts where e.g. one node has many more CCs than other. 

For further refinement of inter node signaling, and methods for facilitating such signaling, RAN WG3 involvement and guidance is needed.
In addition to inter node signaling, rules for when an eNB (or HeNB) is allowed to take a new SCC into use is also needed. As described in Section 2, our proposal is to define such rules based on the BIM to avoid having greedy (H)eNBs that takes all CCs into use without checking the impact on surrounding cells. Finally, it was proposed in Section 2.2 that initial selection of primary CC could benefit from having path loss measurement between neighboring eNBs.
4. Concluding remarks
In this contribution we have summarized the ACCS scheme for LTE-Advanced interference management in combination with carrier aggregation. Such schemes are especially considered to be useful for heterogeneous scenarios where a mixture of macro cells and densely deployed HeNBs with CSG are co-existing. The presented scheme requires that the (H)eNBs using ACCS autonomously select their active CCs based on offered traffic and interference coupling with other cells. For such schemes to work efficiently, additional signalling between (H)eNBs, and rules for selecting CCs, needs to be standardized as outlined in Section 3. The exact detail for such singaling is FFS, and also requires guidance from RAN WG3. In the simple form presented in Section 2.4, ACCS is only applied between HeNBs, which essential means no changes to the macro cells, and no requirements for additional signalling between HeNB and macro nodes. 
We believe that ACCS alike schemes for interference management are attractive for LTE-Advanced with carrier aggregation, and should thus be studied further when proceeding into the work item. Here more details such as the exact required signalling and performance trade-offs needs to be further studied.
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