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1. Introduction
In the last RAN 1 meeting, interference mitigation by interference coordination has been agreed to be a part of E-UTRA. Several schemes on inter-cell interference coordination from different companies have been distributed in the study item. But up to my knowledge, there seems no contribution which focuses on the issue of intra-cell interference coordination. 
In [1], for unicast transmissions, fast sector selection is one option for intra-cell macro diversity (or inter-sector diversity) in downlink. However, in fast sector selection, strong interferers can occur in the “softer” handover regions of cells. This inter-sector interference impairs the achievable packet error rate (PER) or throughput performance of the inter-sector handover user. When the fast sector selection is employed in E-UTRA, in order to satisfy a service quality that is largely independent of the UE location, it is important to consider techniques for interference mitigation in the inter-sector handover regions.
In this contribution, we consider fast sector selection with intra-cell interference coordination through a static frequency planning. The benefit of fast sector selection with interference coordination is that the serious inter-sector interference can be avoided, which leads to an improved geometry and thus the possibility for higher downlink data rates for inter-sector handover users.
2. Fast-Sector Selection in Downlink

Firstly, it is beneficial to distinguish between intra-cell and inter-cell scenarios. In an intra-cell scenario, all involved sectors are controlled by the same cell (or Node B), while in the inter-cell scenario, two or more cells (or Node Bs) are involved. This leads to significant differences on the switching rate between the fast cell selection and the fast sector selection.
Considered the intra-cell scenario, operational principle of the fast sector selection (FSS hereafter) is shown in Figure 1. The operational procedures of the FSS diversity scheme basically follow the flows described in [2]. In FSS scheme, all involved sectors are controlled by the same cell (Node B) and in principle the sector selection mechanism can operate on a sub-frame basis, thus it exploits variations in the instantaneous channel quality. At each sub-frame, the UE selects the sector that provides the largest received signal-to-interference plus noise power ratio (SINR) and then, the UE transmits the selected sector index along with the received SINR information of the selected sector through the uplink control channel. Based on these reports, when the target user with inter-sector diversity has the highest scheduling priority at the selected sector, the cell (Node B) transmits the unicast data to the user from the selected sector. As shown in figure 1, the inter-sector handover user k suffers from interference from the shared data channel transmitted to another user in sector 2.
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Figure 1. Operational principle of fast sector selection macro diversity
3. Intra-Cell Interference Coordination
The common theme of inter-cell interference coordination is to apply restrictions to the usage of downlink resources e.g. time/frequency resources and/or transmit power resources. The goal of such coordination of restrictions is to achieve that interference does not occur at all or is limited in its strength. Similarly, when FSS scheme is employed, a proper intra-cell interference coordination scheme is needed to avoid severe co-channel interference, and thus more balanced data rates among UEs can be achieved. 
Consider a single cell system with 3 sectors. Figure 2(a) shows a simple static allocation of frequency sub-bands where each sector is allocated 
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Users located in the inner parts of sector are assigned to transmit in the yellow part of the spectrum and they may use the full part of the spectrum when there is no inter-sector handover user been scheduled to transmit. The blue part is intended for the FSS inter-sector handover users and once an inter-sector handover user is assigned to transmit from the selected sector (i.e. sector 1 in figure 2), the adjacent sector (i.e. sector 2 in figure 2) will mute in the blue part of the spectrum (i.e. subband B) and concentrate the transmit power into subband A (as shown in Figure 2(b)); this is what increases the SINR that can support higher level MCS.
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           (a) Intra-cell frequency coordination         (b) Example of power profile when inter sector handover user k is transmit
Figure 2. Single cell system with 3 sectors
Here, we only present investigations on interference coordination in the same cell and further discussion of inter-cell interference coordination is beyond the scope of this contribution. Figure 3 shows the possible static frequency coordination approach in a 3-sector cell network.
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Figure 3. Example of static frequency coordination in a 3-sector cell network
4. Simulation Setup and Assumptions
The throughput performance using inter-sector FSS with static frequency coordination is simulated, but the case of inter-cell handover (i.e. inter-cell interference coordination) is not considered. The system-level parameters are given in Table 1. Moreover, the exponential effective SIR mapping method [3] is applied to map the channel conditions over subcarriers to an effective SINR that can be used to determine the expected BLER. 
Table 1. System-level simulation assumptions
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5. Simulation Results
Figure 4 and Figure 5 illustrate, respectively, the average sector and user throughput performance using FSS diversity scheme with interference coordination (IC) through static frequency allocation and without any interference coordination mitigation. With static frequency coordination, the performances are evaluated for the 
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 values of 0.08, 0.16 and 0.24. 
It can be seen from Figure 4 that with static frequency coordination, due to the increase of the factor 
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 from 0.08 to 0.24, there is small sector throughput degradation (about 3.5%) as compared with the case when no interference coordination is applied. This is due to the fact that when an inter-sector handover UE is served, frequency tones assigned to that UE according to static frequency coordination are no longer used by the adjacent sectors in this UE’s active set. Thus, it results in lower medium utilization.
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Figure 4. Average sector throughput performance
The average throughput of all users and inter-sector handover users are represented in Figure 5. Here, we define the user throughput as the average rate at which data is transferred during total simulation time. It is observed from the figure that the average throughput of inter-sector handover user is increased remarkably as frequency coordination factor
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 increases. However, there is a small user throughput loss. Moreover, when the factor 
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 reaches 0.24, the throughput performance of inter-sector handover user can be improved by a factor of 3.76 as compared with the performance when no interference coordination is applied, and in that case, the inter-sector handover users have comparable user throughput to all other users in the sector. Table 2 shows the achieved throughput results in detail. 
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Figure 5. Average user throughput performance
Table 2. Throughput gains of inter-sector handover user 
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6. Conclusion

In this document, we observe that when the FSS diversity scheme is used, the throughput can be improved considerably for inter-sector handover user when applying static frequency coordination. Moreover, it should be noticed that employing such means will cause only a small sector and user throughput degradation as compared with the case when no frequency coordination is applied. But for E-UTRA downlink, it is more attractive to keep about the same user throughput even in the sector border. Therefore, we come to the conclusion that if inter-sector FSS is a part of E-UTRA, the intra-cell interference coordination should be employed to improve the intra-cell interference situation at the sector boundary.
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