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1 Introduction
Cell edge bitrate has to be increased in 3G evolution systems, and that is included in the requirement technical report. Several schemes have been proposed for mitigating inter-cell interference (ICI), and Alcatel presented “interference coordination” both in downlink [1] and in uplink [2]. This scheme enlarges spatial capacity in cellular systems by reducing the power of the dominant interferer in downlink and by concentrating dominant interferers into a small resource region in uplink. It also suppresses a high variance of inter-cell interference in uplink. However, ideas and uncomplicated results have been presented in a basic hexagonal multi-cellular geometry. This contribution categorises problems which may occur in practical cellular environments and presents solutions for them.
2 Number of Resource Regions
The entire resource has to be divided into several pieces, and Figures 1 [3] and 2 [1] illustrate examples.
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Figure 1. Resource division in omni-cells
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Figure 2. Resource division in sectored-cells
A divided piece is called “resource region” in this contribution. When dividing the entire resource into pieces, 7 or a larger value is efficient in the viewpoint of directivity and concentration of inter-cell interference. This guarantees no coincidence of two resource regions with the same number in a cell. With a smaller value than 7, we cannot avoid such a coincidence. We need a larger value than 7 for irregular geometry.

However, 7 or a larger value may cause a loss in a diversity gain when using frequency domain scheduling (FDS). If 7 resource regions are assumed, a UE can use only 1/7 of the entire resource and obtain diversity there. Dividing the resource into pieces increases spatial capacity, but FDS gain can be diminished in frequency selective channels.

Therefore, smaller numbers of resource regions are proposed in this contribution. Figures 3 and 4 exhibit resource divisions by 3 and 4, respectively.
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Figure 3. Resource division by 3
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Figure 4. Resource division by 4
There may be a loss in efficiency of interference management, but a diversity gain is achievable over 1/3 or 1/4 of the entire resource. It is probable that only a part of frequency channel gains is known because of feedback overhead, and that partially supports the use of resource division even by a small number.
In addition, a small number of resource regions are preferable when there is a small amount of resources, a narrow bandwidth. One of 7 pieces may be too small to efficiently perform a physical transmission.
We define the deprioritized resource region as “whispering resource region” which is specified as “W” in Figures 3 and 4. The other regions are expressed as “speaking resource region”, “S” in figures. Though UE using a whispering resource region is allocated a lower transmission power in downlink and suffers a higher inter-cell interference in uplink, UEs using speaking resource regions in cell boundary achieve higher performance.
In summary, we allow the same resource number for two or more speaking regions in a cell. It impairs spatial capacity, but gives more diversity gain and a larger coding block size.

3 Rotating Resource Regions

Dividing the entire resource into resource regions may limit the diversity gain even though the number of resource regions is small. For n resource regions, the diversity gain comes from 1/n resources. Reduction in gain occurs when UE speed is low and then FDS is realisable.
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Figure 5. Rotation of resource regions
Figure 5 is an example explaining how to increase a diversity gain through rotation of resource regions. The number of resource regions is 4 in this example, and W1 indicates a whispering resource region. Each resource region is rotated to obtain the full frequency diversity. Each UE can use FDS over the entire resource through a period of time, but rotation is less beneficial for a delay sensitive traffic with a small transmission time interval. In the figure, resource regions are not sequentially divided in the frequency axis and may be divided logically.
4 UE Nonuniformness

Each resource region has been assumed to be the same size and UEs are distributed uniformly. However, UEs can be nonuniform either temporarily or in a long term.
First, maintaining the size of each resource region, excessive UEs are moved to other regions. When UEs are concentrated near Node B, they are assumed to use the deprioritised resource region, the whispering resource region. Moving UEs from the deprioritised resource region to prioritised (speaking) ones does not affect other UEs. This does not mean any geographical change of location. When UEs in cell A are concentrated on the boundary with cell B, the resource region allocation algorithm for UE has to be changed to move some UEs to other regions. These moved UEs suffer from increased ICI in downlink and the amount of degradation can be expected. They have to reduce their transmission power to meet ICI management condition toward adjacent cells in uplink. It will cause SIR degradation and the amount of degradation can be also expected.
Next, for nonuniform UEs relatively in a long term, changing the ratio of resource regions is considered. When UEs are concentrated near Node B, the deprioritised resource region (the whispering resource region) has to be enlarged. An expansion of the deprioritised resource region does not affect adjacent cells, and the new deprioritised whispering resource region has to contain the old deprioritised one in itself.
When UEs in cell A are concentrated on the boundary with cell B, the deprioritised whispering resource region of cell B has to be enlarged. The disjoint deprioritised whispering resource region of cell A has not to be shrunk.
5 Irregular Multi-Cellular Environments

The number of adjacent cells of a cell is various in irregular practical multi-cellular environments. For n resource regions, each cell takes one pattern among n. Assuming adjacent two cells do not hold the same pattern in common for efficiency, there may be a problem. Adjacent cells of a cell may consume all n patterns. We can let n be a large value, but n can be small such as 3 or 4 because of system environments.
When all patterns are consumed in adjacent cells, the whispering resource region of the cell can be determined randomly. After specifying whispering resource regions of all cells, the other resource regions are automatically determined fitting whispering resource regions of adjacent cells. A random scheme allows a partial overlap between whispering resource regions of two adjacent cells.
Pattern allocation occurs when deploying a system for the first time and inserting a new cell into the system. For the first deployment, temporary patterns can be allocated for all cells considering geographical locations. After some period for gathering path loss information between a UE and its neighbouring Node B’s, each Node B determines which Node B’s are adjacent to it with UEs as mediators. Neighbouring relations are used to adjust or reallocate patterns. Without considering geographical locations, it is also possible that temporary pattern allocation is performed fully randomly.
A new cell insertion is also performed by temporary pattern allocation either by the geographical location or by random. Path loss information associated with the cell is used to adjust the pattern.
6 Sectored Multi-Cell

Figure 6 explains a hexagonal 3-sectored multi-cellular environment is equivalent to a hexagonal omni-cellular one. Each sector has 6 adjacent sectors and connecting centers of all sectors results in a hexagonal omni-cellular environment. Therefore, considering omni-cells can be directly applied to sectored-cells.
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Figure 6. Equivalence between omni-cells and sectored-cells
7 Conclusion 
Interference coordination has been proposed to enlarge spatial capacity in cellular systems by reducing the power of the dominant interferer in downlink and by concentrating dominant interferers into a small resource region in uplink. However, ideas have been presented in uncomplicated environments. This contribution categorises problems which may occur in practical cellular environments and presents solutions for them. They consist of the number of resource regions, rotation of resource regions, UE nonuniformness, irregular cellular geometry, and sectored-cells. This contribution may help realise the concept of interference coordination.
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