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1. Introduction

Semi-static Inter cell Interference Coordination has been discussed already in the LTE Study Item [2]. The E-UTRA performance requirements [1] especially at the upper end of the range are not easily achieved. So Semi-static Interference Coordination is a valuable tool and described in the summary document [3]. 

The ability of interference prediction and interference avoidance in asynchronous networks is a unique feature of OFDM or SCFDMA. It can be realized by restrictions to what frequency resources are available to the resource manager or transmit power that can be applied to certain frequency resources. These restrictions or preferences are now applied in a coordinated way between cells. 

With the close of the Study Item in [3] a classification of the techniques has been done describing: “For the semi-static case reconfiguration of restrictions is done on a time scale corresponding to tens of seconds or longer. Inter-node communication corresponds to information needed to decide on reconfiguration of the scheduler restrictions (examples of communicated information: traffic-distribution within the different cells, downlink interference contribution from cell A to cell B, etc.) as well as the actual reconfiguration decisions. Signaling rate is in the order of tens of seconds to minutes.  Semi-static interference co-ordination is appropriate with non-uniform load distribution in Node Bs and varying cell sizes across the network. It may substantially enhance the gains over the static case.”
Further the study of this technique was requested, with the consideration of the “costs”. 

In the following the method of semi-static Interference coordination shall be exemplified to allow an improved understanding.

2. Application of Semi-static Interference Coordination

We assume as proposed earlier that the spectrum is partitioned in a number of 
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To exemplify the method of semi-static Interference Coordination the following scenario in Figure 1 is considered. UEs are located in the border region of two neighbouring cells A and B or are only active there. Other traffic in the area including cells C and D does not need to be served. 

Then it is clearly more efficient than a re-use 1 if the spectrum is divided in almost two equal halves between the cells. One half is used from cell A (the unused part is set to zero) to serve the users on its side and the other half is used form cell B to serve users on cell B’s side. This means that the bandwidth is halved but the SIR improvement will overcompensate this.
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Figure 1: Resource distribution between two neighbouring cells. If used the frequency subsets 
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 are denoted by the numbers 1 to 7.
An SIR improvement of 10 dB or more gives a throughput improvement in the used resources of factor 4 or higher which overcompensates the loss and results in a throughput improvement of factor 2 or higher! This is true for downlink and uplink the same. 

If there would be no other interferer in a large area the SIR would even be infinity which clearly shows the superiority if coordination is used adaptive to user and traffic distribution in comparison to a re-use 1.

With the spectrum represented by the 7 frequency subsets the distribution is realized using the frequency subsets 
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 or shortly 1 to 7. This is done as shown in Figure 1 by using in cell B the sets 1, 2, 3 and 7 and in cell A 4, 5, 6, and 7. In cell C and D only subset 7 is used. Thus subset 1, 2, 3 and 4, 5, 6 represent the parts of the spectrum exclusively used by one cell. On subset 1, 2, 3 and 4, 5, 6 the strongest and second strongest interferers  are removed and the SIR in the border region is only determined by cells or eNodeBs (in DL) further away being e.g third strongest interferers (one tier away). So the SIR is raised approximately to about 10 dB in subsets 1, 2, 3 and 4, 5, 6. In subset 7 instead, in the border region the SIR is about 0 dB, as was before the coordination also on all other subsets. Calculating a throughput improvement factor of 4 for 10 dB SIR improvement the total cell A and cell B downlink (or uplink) throughput is approximately doubled by the semi-static Interference Coordination!

In Figure 2 the notation describing the restrictions instead of preferences is used, as is usually done in our other contributions. It gives an equivalent description shown in the figure that is used also for the scheduler reconfiguration.
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Figure 2: Equivalent description by notation of restrictions. If the frequency subsets 
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 are restricted (not used) this is denoted by the negated numbers 
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Further scenarios of efficient restriction distributions e.g. for one overloaded cell in a multi-cell area can also be exemplified.

In order to maintain such a beneficiary resource distribution it needs to be adaptive to the user distribution which is changing. 

So we can conclude two things from the application:

· Semi-static reconfiguration is necessary

· A coordination between the eNodeBs is necessary
3. Conclusion

Semi-static Coordination uses reconfiguration of scheduler restrictions that are not static anymore. 

To exemplify the method of Semi-static Interference Coordination an uneven user distribution scenario has been sketched. It clearly demonstrates the mechanism and throughput gains by this technique. This leads to improved quality of service. Two clear conclusions from the user adaptivity and mechanism have been noted:

· Semi-static reconfiguration is necessary

· A coordination between the eNodeBs is necessary
In order to realize this coordination in [4] a request/grant mechanism was proposed. This was realized in simulations and results showing substantial gains have been demonstrated. 

OFDM or SCFDMA has the ability to react on varying user distribution and traffic load. This should be used, to not waste effort for a new air interface. 

The request/grant mechanism is a generic tool with which various RRM strategies can be realized in the LTE system. Thus this mechanism is proposed to be standardized. 
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