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1. Discussion

The fundamental contribution of inter-cell interference coordination, ICIC, is to coordinate the interference from neighbor cells and thereby improve the SIR for the cell edge users, which can be utilized to increase the cell edge user throughput. However, the price for improving the interference situation for the cell edge users is often that the SIR for the non-cell edge users will get worse. This is the case when RB transmitted by a cell edge user on the same resources as another cell edge user is moved to a resource allocation where instead a user in the inner of the neighbor cell transmits, i.e. exterior – exterior collision are moved to become exterior – interior collisions. 
When discussing interference coordination for the uplink it is vital to keep the nature of the uplink interference on a DFT-spread OFDM carrier in mind. As each information bit is spread over the whole transmission bandwidth it is only the total interference that hits the transmission that matters, not whether the interference has a broad or narrow bandwidth. So if the UE transmits over the whole bandwidth and gets hit by an extremely narrow banded interferer over only one RB is this as bad as getting hit by the same amount of interference distributed over the whole bandwidth. Consequently, for broadband services there is not much to do to improve the interference as long as all RB are used. 
However, if the service itself is narrow banded an interference coordination makes it possible to minimize the amount of interference the carrier is hit with by avoiding an interferer with high spectral density in the transmission bandwidth. In line with this intuitive argument it has been seen that the gains that seen with ICIC are seen for narrow band services [1]
A key issue in the discussions on the benefit of ICIC is the load situation. At low load in the neighbor cells there is little interference and therefore little reason to improve the interference situation, at high load all resources are needed and there is little or no possibility to improve the interference situation for the cell edge users without decreasing the total cell edge throughput. It is in the medium load scenarios for narrow band services the gains can be seen. However, it might also be interesting for an operator to increase the cell edge user throughput on the expense of the total throughput at any load situation but that is somewhat outside the scope of ICIC as this can be realized by scheduling strategies in the own cell. The cell edge users can then be scheduled more often or with more resources when scheduled. The same is true in systems where it is not the radio resource that is the limiting resource but the bottle neck is instead somewhere else, e.g. in the X2 transmission. Judging the operator cost for backhaul transmission this scenario will occur also for LTE. 
Inter-cell interference coordination can be divided into two different categories, reactive or proactive. The main interest of the standardization has so far focused on the reactive fashion where an action is initiated when an overload situation already has occurred by sending an overload indicator. Pro-active methods try to avoid collisions between cell edge users by scheduling resource blocks that are either not used by the neighbor cell, or are not sensitive to interferers (e.g. used by interior UEs). In contrast, reactive schemes react when there is an “overload” situation, i.e. that there is already too much interference on a resource block that is sensitive to such neighbor cell interference (since it is used by an exterior UE).
In order to improve SIR for cell-edge users two different philosophies can be applied. Either the scheduling policy prevents usage of certain restricted frequencies for cell edge users towards a certain neighboring cell or a softer but also more complex version is that cell-edge users are not allowed to exceed a certain power spectral density. 

2. A high interference indicator supporting pro-active ICIC 
This proposal strives at describing a pro-active version of ICIC with an easily understandable mechanism, which can be supported with a limited standardization effort. In this concept each cell has a high interference band where the users which create the highest inter-cell interference should be placed. Thanks to the RSRP measurements provided by the users in the own cell the neighbors most likely to be disturbed can be identified. This high interference indicator should be communicated to the neighbor cells. In a simple scenario this high interference indicator will be identical for all cells, however, for more advanced ICIC schemes different high interference indicators may be sent to different cells. The most important thing is that it is clear to the scheduler that the high interference band is the band where the users creating the highest interference should be put, i.e. the cell edge users. However, under the condition that the cell does not create high interference in the rest of the band and it is not needed for other cells the cell can also use it for inner users who need high SINR. 
A high interference band is identified by its center RB which is also where the user with lowest pathloss to the neighbor cell is put. Due to the single-carrier property of the uplink it is desirable to have bands which are consecutive in the frequency. Due to this, the bands at the cell bandwidth edges will be somewhat different from the middle bands in the respect that these edge bands will be characterized by their edge points, first and last RB of the available RB for PUSCH, respectively. 

Each cell can send out the center frequency of its dirty band to its neighbor cells, which as far as the load situation allows will restrain from scheduling their users in high interference bands of other cells. All cells will not be able to schedule all their cell edge users within the high interference band at all times as the need might exceed the assets.  However, the combination of the position of the dirty bands of the neighbor cells and the pathloss information of the own users will also in those situations allow the scheduler to make suitable scheduling decisions to minimize the inter-cell interference. 

The positions and density of the dirty band center frequencies may implicitly reveal the “width” of the dirty bands. To not explicitly signal the width of the bands should create an understanding of that there is expecte to be a falling scale of pathloss from the center frequency. If a cell experiences that it can not fit its most interfereing users in its high interference band or that the neighbor cannot do so it can move its high interference band and signal that to the affected neighbor cells. 
The signaling of the high bands is expected to be on a time scale of some hundred ms. 
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Figure: Allocating different high interference band to a group of cells 
The figure shows that to give each neighbor cell a different frequency for its cell edge users in a simplified hexagonal cell pattern only three high interference bands are needed. In a reuse one system with mixed micro and macro cells or containing irregular cell shapes the number might be somewhat higher.
3. Conclusion

We propose to standardize a high interference indicator containing the center frequency of the high interference band where the scheduler should put the users creating high interference to neighbor cells. A cell may send different high interference indicator to different neighbors something which may be useful for large cells where the pathloss differences can be considerable between different neighbors. This high interference indicator will in conjunction with pathloss information provided by RSRP measurements from the users in the own cell allow to implement proactive inter-cell interference coordination in a reuse one system. 
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