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1. Introduction
Inter-cell interference coordination (ICIC), which is currently considered in E-UTRA downlink and uplink, is a means to cope with inter-cell interference problem and improve cell edge bit rate. Several schemes on ICIC from different companies have been suggested for E-UTRA and the current consensus for ICIC is towards semi-static versions of soft frequency reuse [1]. 
In this contribution, we consider soft frequency reuse in E-UTRA downlink. To realize soft frequency reuse, there is a need to distinguish UEs residing in the interior and edge parts of the cell. This is because typically only collisions between cell edge UEs cause noticeable SINR degradation. A possible approach to distinguish UEs is based on the geometry factor with a predefined threshold [2][3][4]. In this contribution, we propose a user grouping method for separating the cell interior/edge users, which is based on handover region. The proposed scheme is based on the classical handover algorithms and it avoids the discussion of a geometry factor threshold setting.
2. User Grouping Methods
For all types of inter-cell interference coordination, there is a need to divide UEs into cell interior users (CIUs) and cell edge users (CEUs). A widely accepted approach for user grouping is based on the geometry factor or G-factor (wideband SINR measured by UE) with a predefined threshold (e.g., 0 dB, 3 dB, or 6 dB) ([2][3][4]), this is because a cell edge UE always causes noticeable SINR degradation. For illustration purpose, we simply denote this method as GF-based method. In GF-based method, it seems a threshold has to be evaluated for separating the CIUs and the CEUs. However, any fixed threshold can not be optimal in reality due to the different radio environments and the temporal change of the users’ SINR distribution.
In this study, we propose a simple cell interior/edge users classification method which is based on handover region (HR). We denote it as HR-based method. In HR-based method, an UE is considered as a cell edge one if the UE is entered the handover region. That is to say, if an UE can “see” more than one cell, then the UE will be treated as a cell edge user. Note that a cell will be seen by an UE only if its path gain is greater than the difference between the highest path gain (serving cell) and the add threshold (window_add [5]). Since handover users will usually face a coverage problem and have a low signal quality, thus it is very reasonable to classify them as CEUs. HR-based method avoids the discussion of a geometry factor threshold setting and it is based on existing handover algorithms; therefore, we think it is very feasible for downlink ICIC applications.
3. Soft Frequency Reuse Descriptions
Basically, the soft frequency reuse scheme works in a form of power coordination. In soft frequency reuse scheme, for each cell in the network, a part of the frequency band is reserved for the cell edge users, on which the transmission power is amplified. In a tri-sector network, the reserved part is normally 1/3 of the total frequency band and is orthogonal among the neighboring cells. Thus we refer to the 1/3 frequency subband that has amplified power as the cell edge band, since the cell edge users are restricted to use this frequency subband only. On the other hand, the remaining 2/3 frequency subband for each cell is called the cell center band, since it’s used by the cell interior users only. Nevertheless, when the cell edge band is not occupied by the cell edge users, it can also be used by the cell interior users. Figure 1 shows the spectrum setting for soft frequency reuse scheme in a tri-sector cellular layout.
A power amplification factor 
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, which denotes the ratio of the transmission power level on cell edge band to the transmission power level on cell center band, is introduced. Referring to Figure 1, the factor can be expressed by
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where Pedge and Pcenter denote the transmission power level on cell edge band and on cell center band, respectively.
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Figure 1. Spectrum setting for soft frequency reuse in a tri-sector network
4. Simulation Setup and Assumptions
In this contribution, we focus on downlink and only static soft frequency reuse is considered. The soft frequency reuse scheme is applied to the simulation and a performance comparison is presented between GF-based and HR-based methods. We set the handover add threshold (window_add) to 4 dB [6] for HR-based method; and further, a geometry factor threshold of 0 dB [2][3] is used for GF-based method. A fully loaded system and a full-buffer traffic model are assumed. The applied scheduler is Round Robin and further, HARQ is not considered in the simulations. The evaluation is conducted for macro-cell deployment case #1 as specified in TR 25.814. A selection of simulation assumptions is listed in Table 1.

Table 1. System-level simulation assumptions
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Channel Model

UE speed
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Parameters Assumptions

Hexagonal grid, 19 cell sites, 3 sector per site

QPSK: R=1/3, 1/2, 2/3, 4/5

16QAM: R=1/2, 2/3
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5. Simulation Results
The geometry distribution of UEs can serve to provide some insight to the potential gains of ICIC mitigation. Figure 2 shows geometry cumulative distribution function (CDF) of a soft frequency reuse system with the two classification methods (GF-based and HR-based) for β=1, 2, 3 and 4, and in particular, we focus on the low geometry region. Note that the simulation results of 
[image: image5.wmf]1

b

=

 equals to a reuse factor of 1 (reuse-1) case. From the figure, we observe that GF-based method outperforms HR-based method in the case of 
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, and if we look at the 5%-tile geometry, the corresponding gain is about 0.3 dB. However, in the cases of 
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, the HR-based method can achieve almost the same performance as compared with the GF-based method. Hence we can conclude that as compared with the G-factor based method, the HR-based method will cause a small 5%-tile SINR loss, but the loss is out of consideration.
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Figure 2. Geometry (wideband average SINR) distribution
The average cell (sector) throughput is represented in Figure 3. One can see that as compared with the GF-based method, the HR-based method provides higher average cell throughput. Figure 4 shows the achieved throughput gains by using HR-based method in detail. It can be seen that the HR-based method can achieve about 5%, 6%, and 6.5% average throughput gains for β=2, 3 and 4, respectively, when comparing with the GF-based method. 
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Figure 3. Average cell (sector) throughput performance
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Figure 4. Achieved throughput gains by using HR-based method
6. Conclusion

In this contribution, we propose a simple cell interior/edge users classification method which is based on handover region for ICIC applications. A great benefit from using this method is that it is based on classical handover algorithms and does not require a geometry factor threshold for separating the interior/edge users. We apply this method and the G-factor based method to the EUTRA downlink system with soft frequency reuse scheme. The simulation results show that, as compared with G-factor based method, handover region based method can provide 5 – 6 % throughput gains for power amplification factor ranging from 2 to 4. Moreover, the proposed method will cause a small 5%-tile SINR loss as compared with the G-factor based method, but the loss is negligible. So we conclude that the handover region based method is a competitive choice to distinguish between cell interior users and cell edge users for ICIC applications. 
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