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1. Introduction

For the evolved UTRA/UTRAN, there were discussions on the inter-cell interference mitigation especially using an active coordination in the frequency domain resource allocation between neighbour cells [1][2][3]. In this paper, we discuss the general aspects of the interference mitigation methods using frequency domain coordination and suggest a practical way of the interference mitigation.

2. Frequency domain coordination

2.1 Segmentation of the total bandwidth into sub-bands

( Frequency domain coordination is preferable
As already discussed in last meetings, interference between neighbour cells in OFDMA downlink can be reduced by coordinating resource allocation between neighbour cells so that the main interference power between neighbour cells are not overlapped into the same time-frequency resource. Especially, as long as the timing synchronization between neighbour cells is not guaranteed, frequency domain coordination is most preferable way.
( Semi-static frequency domain coordination by predefined multiple sub-bands
It would require too much signaling burden for the neighbour cells to coordinate resource allocation dynamically, e.g., every TTI. Therefore, a semi-static coordination by network is a preferable way. For this purposes, a total bandwidth can be segmented into multiple sub-bands, where neighbour cells may use the different sub-bands for the main interference sources in each cell. The number of sub-bands can be as small as 3 when considering 3-sector cell layout as shown in Figure 1, or may be larger than 3 if more detailed UE location-based resource coordination.
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Figure 1. Example of sub-band allocation in a 3-sector cell network

2.2 Coordination of resource allocation using predefined sub-bands

( Coordination based on the resource allocation priority
There could be several possible methods in the interference mitigation using predefined sub-bands. One simple way may be assigning different order of priorities to the sub-bands in the resource allocation between neighbour cells, which is illustrated in Figure 2(a). In the example of Figure 2(a), the total band is divided into 3 sub-bands to coordinate the interference between 3 neighbour cells. Then, different priorities of resource allocation is assigned to the sub-bands in each cell in such way that the overlapping in the usage of the same sub-band between neighbour cells is minimized. 

Figure 2(b) show an example of resource allocation following the resource allocation rule in Figure 2(a), especially when the traffic load in each call is 1/3. In this case, resource allocation in frequency domain between 3 cells doesn’t overlap as shown in the figure, so, the inter-cell interference between 3 cells can be avoided ideally. Figure 2(c) illustrates the resource allocation when  traffic load in each call is 2/3. In this case, overlapping of resource allocation in frequency domain between 3 cells is unavoidable. However, it doesn’t happen that all the 3 cells use a same sub-band at the same time, so, the worst interference case can be avoided.
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(a) Example of sub-band segmentation and resource allocation priority assignment
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Figure 2. Coordination based on resource allocation priority

( Consideration on the required transmit power
A smarter way will be to sort out the UEs by their required transmit power level before the resource allocation and to allocate a higher priority sub-band to a higher transmit power UEs first since high transmit power UEs are likely to cause more interference. Approximately, this will result in assigning different sub-band to each UE according to the distance from the cell site as illustrated in Figure 3. By separating high transmit power traffics between neighbour cells in this way, frequency reuse factor close to 1 may be achieved within a cellular network.
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Figure 3. Illustration of sub-band allocation considering required transmit power

( More simplification in the resource allocation priority
Rather than assigning different priority to each sub-band, one or several sub-bands may be allocated to the transmission of higher power UEs first by an equal priority and the other sub-bands may be allocated to the remaining UEs, that is, only 2 levels of priority exist. This can be considered as an equivalent with the method suggested in [2], where frequency reuse factor larger than one is applied only to the cell boundary UEs approximately.

However, it should be noted that selection of the method of coordination may be up to the network deployment since it depends on the scheduler operation. Therefore, a minimum requirement to employ those methods will be to define sub-bands aligned between cells within a whole bandwidth.

2.3 Resource allocation issues

Employing an interference mitigation method using a sub-band coordination means a UE’s traffic channel should be allocated within a sub-band preferably. So far, two different ways of resource allocation were discussed, that is, localized allocation and distributed allocation. For a localized allocation, a sub-band may consist of consecutive chunks and each UE traffic may be assigned by consecutive subcarriers within a sub-band as shown in Figure 4(a). On the other hand, for a distributed allocation, a sub-band may consist of chunks distributed within a total bandwidth so that a UE traffic within a sub-band can be distributed within a whole bandwidth as shown in Figure 4(b).
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Figure 4. Sub-band segmentation according to the resource allocation

It may be necessary that a common sub-band segmentation should support both localized and distributed resource allocation. In this case, a simple way could be to support a distributed traffic only within a localized sub-band. However, this allocation will result in a reduced frequency diversity in a frequency selective channel. 

3. Summary

In this paper, we discussed general aspects of interference mitigation methods especially using coordination in frequency domain resource allocation between neighbour cells. We summarize the discussion  as follows.

· Semi-static frequency domain coordination between neighbour cells can be done based on the multiple sub-bands predefined to be aligned between neighbour cells

· The following methods of coordination of the resource allocation may be considered.

· assigning different orders of resource allocation priority to the sub-bands between different cells

· allocating higher transmit power UE’s traffic to the higher priority sub-band first

· The sub-bands may be defined as follows depending on the resource allocation.

· For a localized resource allocation, a sub-band may consist of subsequent chunks.

· For a distributed resource allocation, a sub-band may consist of chunks distributed within a whole band.

· To support both the localized and distributed resource allocation, distributed resource allocation may be supported only within a localized sub-band.
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(a) Sub-band segmentation for


 distributed resource allocation





(a) Sub-band segmentation for


 localized resource allocation





(c) Example of resource allocation


 when traffic load is 2/3





(b) Example of resource allocation


 when traffic load is 1/3








