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1. Introduction
The performance of coordinated multi-point (CoMP) transmission and reception in regards to the improvement of cell-edge throughput and system throughput has been studied for LTE-Advanced. The study has helped to understand the potential of CoMP and therefore the need for further studies of advanced CoMP operation to better assess its performance benefits and the standardization impact has been recognized. Therefore, a new study item on CoMP has been approved [1]. It has been noted that the focus of Rel-10 CoMP studies has mainly been for homogeneous networks. Thus, the objective of the new study item includes the following description covering different scenarios [1].
· Evaluate the performance benefits of CoMP operation and the required specification support for the following scenarios: 

· Inter- and intra-site CoMP in homogeneous macro networks 
· Coordination between a cell(s) and the distributed RRHs connected to the cell(s): negligible latency is assumed over the interface between a cell(s) and the RRHs connected to the cell(s). The RRHs may or may not form separate cells from the cell to which they are connected. The coordination between amongst different 
· Coordination between different cell layers and within a cell layer in heterogeneous networks: coordination is performed between a macro cell(s) and small cells in the coverage of the macro cell(s). The small cells may be non-uniformly distributed in the coverage of a macro cell(s). 
The small cells in the coverage of macro cells of heterogeneous networks in the LTE-Advanced framework include pico (hotzone) cells and femto cells. While femto nodes are more likely to be deployed inside residences, pico nodes can be deployed either indoors or outdoors.  In each of these cases, it is easy to envision the need for deploying such low-power nodes non-uniformly within a macro-cell, particularly in the form of clustered groups inside hotzone areas.

The deployment of small cells in clustered groups may present some inherent advantages for the implementation of CoMP transmission or reception. In this contribution, we propose new system simulation assumptions for studying CoMP in heterogeneous networks [2]. In particular, we focus on the layout of the non-uniformly distributed pico cells in a macro cell.
2. System Simulation Assumptions for Pico-Cell Clusters

2.1. Pico-Cell Cluster Layouts

It is foreseen that pico cells will be deployed in clusters to cater to the demand for increased capacity in expanded hotzone areas, while an overlay of a macro-cell network meets coverage requirements. In such a heterogeneous network, the area covered by each macro cell can include one or more hotzone areas. Pico nodes will be designed for low power and, with their relatively small physical attributes, will not require expensive infrastructure for installation.  As such, in urban and suburban areas, it is envisioned that deployment of pico nodes atop lamp posts on streets of hotzone areas is a viable option.

Various topological choices are available for such a non-uniform deployment within a macro cell. Here we propose consideration of a grid of streets separating urban or suburban blocks.  Each block may consist of a single or contiguous building structure, as is possible in a dense urban area, or rows of several adjacently located houses, as is likely in a suburban area.  The pico nodes can be deployed atop lampposts by the streets within the grid.  The density of pico nodes must then be separately specified.  To ensure the same number of pico nodes in each macro cell area, each grid containing a pico cluster is randomly dropped within the area of a macro cell such that all the boundaries of the grid lie within the geographical area of that macro cell. The occurrence of one or more such clusters leads to a non-uniform distribution of pico cells within the macro cell.
To allow the study of different node densities, three different layouts of pico clusters are proposed.  The pico nodes in each type of layout are placed in a regular pattern.  The three proposed layouts are as follows.

1. The first type of pico-node cluster (cluster type 1) is shown in Figure 1 and corresponds to a dense deployment of pico nodes where a pico node is located at the middle of each block on every street.  The blue squares represent blocks and red stars represent pico nodes. The magenta lines indicate the boundary of the grid.
2. The second type of cluster (cluster type 2) is illustrated in Figure 2 and corresponds to deployment of pico nodes only at the intersection of streets.

3. The last type of cluster (cluster type 3) is depicted in Figure 3 and corresponds to deployment of pico nodes at the middle of alternate blocks on all streets of only one orientation (either north-south or east-west) and in a staggered manner.
Clearly, the density of pico nodes with cluster types 2 and 3 is smaller than with cluster type 1. Although the number of pico nodes is smaller in cluster type 2, the node density at the center of the grid is higher. While other layouts are possible, the proposed layouts are broadly representative of the various possibilities.
[image: image1.emf]
Figure 1. Cluster Type 1: Dense Deployment of Pico Nodes

[image: image2.emf]
Figure 2. Cluster Type 2: Deployment of Pico Nodes at Street Intersections
[image: image3.emf]
Figure 3. Cluster Type 3: Staggered Deployment of Nodes at Alternate Blocks

2.2. User Equipment (UE) Placement

Several choices are available for the random placement of UEs in pico-cell clusters:
1. Uniform placement of X UEs within the entire macro cell including the pico-cell cluster (uniform macro cell).
2. Uniform placement of Y UEs within the hotzone, i.e., area of the grid containing the pico-cell cluster, and uniform placement of X−Y UEs within the entire macro cell area (non-uniform in macro cell).

3. Placement of Y (indoor) UEs inside the “blocks” of the hotzone, i.e., area of the grid containing the pico-cell cluster, and uniform placement of X−Y UEs within the entire macro cell area (non-uniform in macro cell).

4. Placement of Y (outdoor) UEs on the streets of the hotzone, i.e., area of the grid containing the pico-cell cluster, and uniform placement of X−Y UEs within the entire macro cell area (non-uniform in macro cell).
2.3. Propagation Model
For clustered pico cell deployments described above, the line-of-sight (LoS) propagation model must be modified. First, if the pico node and the UE are on the same street, the LoS probability can be assumed to be 1. Second, for dense urban deployments, each block in the grid would likely represent a single large building and the pico node location may be below the rooftop.  In such an environment, the LoS probability would taper off much more quickly than in the current hotzone model [2] and should therefore be modified. The non-LoS path loss equation should also be modified for such an environment. On the other hand, the current propagation models can continue to be used for suburban deployments.
3. Summary and Discussion
The Rel-11 study item for CoMP includes performance evaluation for heterogeneous networks.  One of the scenarios included is non-uniform distribution of small cells in the macro cell. Deployment of outdoor pico cells in clustered groups inside hotzones, which is of practical importance, is an example of this. Here we propose new simulation assumptions for modeling clusters of outdoor pico cells. The pico-node clusters can be placed on grids comprising blocks and streets.  The number of blocks in a grid and the size of each block are parameters whose values can be determined based on examination of typical urban and suburban topographies.

Pico nodes can be placed in different types of clusters, representing different node densities or deployment configurations.  Three different practical layouts are proposed here. The grids containing the pico-node clusters are dropped randomly within the macro cell. The number of pico cell clusters in a macro cell can be a parameter, although simulation of more than one cluster per macro cell may not be practical unless the number of pico cells in each cluster is small.
New configurations for the placement of UEs in pico-cell clusters are also needed. The configurations proposed here allow for hotzone modeling and also for restricted (indoor or outdoor) placement of UEs. Modification of propagation models would also be necessary, particularly for dense urban deployment of pico cell clusters.
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