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1. Introduction
Inter-cell interference coordination is a means to cope with inter-cell interference (ICI) problem, which is currently considered in E-UTRA in order to improve the cell edge bit rate and also keep acceptable system capacity [1]. Several schemes on inter-cell interference coordination from different companies have been suggested for E-UTRA downlink, such as partial reuse [2], soft reuse [3], inverted reuse [4], and so forth. 
We consider a static partial reuse scheme in our study. In partial reuse scheme one part of the spectrum has a frequency reuse factor of 1 and for the other part of the spectrum has a reuse factor of 3. This spectrum partition works together with the split of users into cell interior users using the reuse 1 part and cell edge users using the reuse 3 part.
In [1], for unicast transmissions, the softer handover scheme (i.e., simultaneous transmission from multiple sectors with soft-combining) is one option for intra-Node-B macro diversity (or inter-sector diversity) in downlink. In this contribution, we propose an inter-sector interference mitigation scheme that makes use of a combination of partial reuse and softer handover for inter-sector handover users. The idea for developing this hybrid scheme is that, for an inter-sector UE, it is possible that softer handover may bring higher signal quality than partial reuse and thus, it gives the possibility of improving cell edge bit rate. Note that in this contribution, we define a cell within the same Node-B as a sector.
2. Partial Reuse Description
The idea of partial reuse is to partition the whole frequency band into two parts, F1 and F3, where F3 further is divided into three subsets; and thus, it results in four orthogonal subbands, F1, F3A, F3B and F3C (see Figure 1). The frequency subband F1 is called cell centre band, where a reuse factor of 1 is adopted, and it is used by the cell interior users only. On the other hand, the frequency subband F3 is called cell edge band, for which a reuse factor of 3 is implemented, and the cell edge users are restricted to use this frequency subband only. However, if the cell edge subband is not occupied by data of the cell edge user, it can still be use by the cell interior users. 
An effective reuse factor 
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 which denotes the ratio of the total spectrum to the spectrum that can be used in each cell (or sector) is introduced in [2]. It can be expressed by
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where BWall denotes the whole bandwidth and BWcell denotes the available bandwidth in each cell.
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Figure 1. Spectrum setting for partial reuse in a tri-sector cell layout
3. A Hybrid Scheme for CEUs
In order to realize the partial reuse scheme in E-UTRA downlink, we need to classify UEs into cell interior users (CIUs) and cell edge users (CEUs). A widely accepted approach is to distinguish UEs based on the geometry factor (SINR measured by UE) with a predefined threshold (e.g., 0 dB, 3 dB, or 6 dB) ([5]), this is because a cell edge UE always causes noticeable SINR degradation. In this contribution, an UE is considered to be a cell edge one and therefore be protected by ICI mitigation scheme if its geometry factor is smaller than 0 dB. 
We consider the partial reuse scheme in E-UTRA downlink and assume that softer handover is supported. And then, let us assume that UE k has been classified as a cell edge user and is also in softer handover region, that is, UE k can simultaneously “see” two sectors within the same Node-B. In this case, when UE k is scheduled to receive data, the E-UTRA can use the following two methods to send the intended data to UE k. The first one is to realize a softer handover scheme by using the subchannels that belong to reuse 1 subband (F1). We name this method Scheme A. The second one is to implement a partial reuse (through a frequency reuse factor of 3) by using the subchannels that belong to reuse 3 subband (F3). We denote this method as scheme B. The concept of this hybrid scheme can be demonstrated in Figure 2. Herein, we assume that UE k is served by sector #2.
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Figure 2. The concept of the proposed scheme
The basic idea of the proposed scheme is to select the better signal quality among a partial reuse scheme (with a reuse factor of 3) and a softer handover scheme for inter-sector handover users. Figure 3 illustrates the operational flow chat of this hybrid scheme. For a given inter-sector handover UE k, we define 
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 as the SINR of UE k with Scheme A (i.e., softer handover is applied) and Scheme B (i.e., a reuse 3 is applied), respectively. In this case, when UE k is scheduled to receive data, Scheme A will be adopted as a means to transmit the intended data to UE k if the condition expressed in (2) is satisfied, and Scheme B will be employed if the condition (2) is not hold. 
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Figure 3. Flow chat of the proposed hybrid scheme
4. Simulation Setup and Assumptions
In this contribution, only static interference coordination is considered. The partial reuse scheme and the proposed hybrid scheme are applied to system level simulation. A fully loaded system and a full-buffer traffic model are assumed. The applied scheduler is Round Robin and the softer handover add threshold is 4 dB. The evaluation is conducted for macro cellular case #3 as specified in 25.814. The additional simulation assumptions are summarized in Table 1.
Table 1. System-level simulation assumptions
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In this study, we consider three frequency partitions as shown in Table 2. Note that allocating too many subchannels in the cell edge band is not feasible, since it will cause a large loss of available bandwidth in each cell. However, an edge band less than 2 subchannels per cell (sector) is too limited to satisfy the cell edge users’ traffic. 
Table 2. Frequency partitions for partial reuse scheme
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5. Simulation Results
Figure 4 illustrates the average sector throughput for the partial reuse scheme (PR hereafter in this section) and the proposed hybrid scheme (PR+Softer hereafter in this section) with different effective reuse factors (see Table 2). It can be seen from Figure 4 that the PR+Softer scheme can offer almost the same average sector throughput (with less than 1 % throughput loss) as compared with the PR scheme. Moreover, observe that the larger the effective reuse factor is, the smaller the total sector throughput becomes. This is due to the fact that as the effective reuse factor increases, the available bandwidth in each cell is decreased and it results in lower frequency resource utilization.
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Figure 4. Average sector throughput performance
The average inter-sector handover (ISH) user throughput is represented in Figure 5. Here, we define the user throughput as the average rate at which data is transferred during total simulation time. As seen form the results, compared to the PR scheme, the PR+Softer scheme offers significant throughput gains for inter-sector handover users, and it gives more considerable gains when the effective reuse factor is reduced. Observe that when the effective reuse factor equals 1.19, the PR+SH scheme can provide around 95 % gain in average ISH user throughput as compared with the PR scheme. Figure 6 shows the achieved ISH user throughput gains in detail. Furthermore, we also observe that, when the effective reuse factor drops from 1.47 to 1.19, there is only about 13 % throughput loss with the PR+Softer scheme, but this value goes to 97 % in the PR scheme. Again, note that a larger system capacity can be obtained by using a smaller effective reuse factor.
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Figure 5. Average ISH user throughput performance
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Figure 6. Achieved throughput gains of inter-sector handover user
6. Conclusion

In this paper, we propose an inter-cell interference mitigation scheme for E-UTRA downlink. The proposed scheme makes use of a combination of partial reuse and softer handover. The simulation results show that, compared to the partial reuse scheme, this hybrid scheme can provide considerable throughput gains for inter-sector handover users and achieve almost the same average sector throughput. Therefore, we conclude that if the partial reuse scheme is a means in E-UTRA downlink, the softer handover scheme should be employed in combination to improve the inter-sector handover user throughput and also system capacity.
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