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1. Introduction

Inter-cell coordination schemes to mitigate inter-cell interference were proposed [1]-[7] and the concept is captured in TR25.814 [8]. In some points of view, the proposals look very similar to each other and many parts of the proposals seems to be applicable scheduling itself without specific standardization. Therefore, we summarize the proposals and discuss the difference and similarity of the proposals and  possible effects on the standard.

2. Summary of the interference coordination proposals

We try to summarize the interference coordination proposals from different companies. We think that the proposal (1)-(5) below can be considered for both uplink and downlink even though some of the proposals were introduced only for one of them. It should be also noted that proposal (6) for uplink was already clarified to had no effect on the standard by the proponent.

(1) Huawei proposal [1]

Divide the whole band by 2 subcarrier groups, ‘major subcarrier group’ and ‘minor subcarrier group’. Major subcarrier groups between neighbour cells should be orthogonal, therefore major subcarrier group can be used by all the UEs in a cell. Minor subcarrier group cannot be used by cell edge UEs, therefore minor subcarrier groups don’t need to be planned between neighbour cells. A UE is allocated to each subcarrier group based on its power

(2) Ericsson proposal [2]

Divide the whole band by 2 subcarrier groups, that is, a subcarrier group is used by cell edge UEs and the other subcarrier group can be used by all the UEs in a cell. Therefore, the subcarrier group used by cell edge UEs should be planned orthogonally between neighbour cells. Ericsson’s example shows dividing the whole band by 3 sub-bands and 1 sub-band is allocated to a subcarrier group that is used by cell edge UEs.

(3) Siemens proposal [3]

Divide the whole band by N sub-bands, then, X sub-bands are used by cell edge UEs and N-X sub-bands are used by the other UEs. Therefore, the sub-bands used by cell edge UEs should be planned orthogonally between neighbour cells. By adjusting the number X, the frequency reuse factor can be adjusted. A UE is allocated to each subcarrier group based on its geometry (ratio of inter-cell power and intra-cell power)

(4) LG proposal [4]

Divide the whole band by multiple sub-bands, then each sub-band of a cell is assigned a resource allocation priority and a sub-band with higher priority is allocated to a higher transmit power UE. Resource allocation priority of the sub-bands should be decided in such a way that overlapping of high power transmission between neighbour cell’s is minimized. It is possible to assign an equal resource priority to more than one sub-bands.

(5) Alcatel proposal [5][6]

Divide the whole band by multiple sub-bands, for example, 7 or 9, then each cell is assigned a sub-band which will be used by the UEs close to the cell but belonging to the neighbour cells. By this way, a UE close to a cell but not belonging to that cell is assigned a different sub-band from the sub-bands used by the cell edge UEs of that cell. A UE is allocated to a sub-band based on which cell receives/transmits highest power from/to it.

 (6) Nokia proposal (uplink specific) [7]

Neighbour cells apply a same rule of uplink transmit power allocation within the frequency band, that is, UEs are allocated to the frequency band in sequence by the order of path loss or target SNR.

3. Standard aspects of the proposals

Definition of subcarrier groups

The basic idea of the proposals (1)-(3) consist of dividing the whole band by 2 subcarrier groups eventually even though the usage of the subcarrier groups can be different. Based on the proposal (1)-(3), there are two options of defining the subcarrier groups.

(Option 1)

· Define cell-specific allocation of subcarriers to subcarrier groups in each cell.

(Option 2)

· Divide the whole frequency band by multiple sub-bands in common way for the whole network, then define the cell-specific allocation of sub-bands to subcarrier groups in each cell.

Proposal (4) suggest dividing the whole band by multiple subcarrier groups eventually, where having only 2 subcarrier groups is also possible. For this purpose, the same options as above can be possible without fixing the number of subcarrier groups.

For proposal (5), only option 2 above seems to be practical since the subcarrier group allocated to a cell edge UE should be different depending on which neighbour cell is closest to the UE.

In summary, for proposal (1)-(4), subcarrier grouping of option 1 or option 2 will be necessary in the standard. For proposal (5), subcarrier grouping of option 2 will be necessary in the standard. 

Assigning different usages to the subcarrier groups 

For proposals (1)-(5), each subcarrier group in a cell should be identified by its different usage, for example, dedication to cell edge UEs or dedication to the other UEs than cell edge UEs. We think that the usage itself may not need to be defined in the standard. However, each subcarrier group should be assigned a different usage so that the operator can plan the subcarrier group usage between neighbour cells. For this purpose, signaling of the usage assignment of each subcarrier group to each cell from a center node may have to be defined in the standard. There seems to be no difference in this aspect between proposals (1)-(4). Especially for proposal (5), usage assignment for each subcarrier group should be related to the cell identifier of neighbour cells.

In addition, the possibility of defining the exact usage of the subcarrier groups with different usage identifiers in scheduling is not excluded if that is desirable to obtain best results of interference coordination in EUTRA.

Information for the scheduling based on interference coordination

There seems to be 2 proposals on the information which can be a basis of the UE traffic allocation to the subcarrier groups in scheduling, which are more or less related to the measurement and signaling.

- Required transmit power to/from each UE

· This will not need any additional standardization since this will be necessary information for usual downlink/uplink scheduling.

- Geometry of each UE

· For downlink, each UE’s average received pilot power from the neighbour cells should be signalled to its scheduling cell. This can be already necessary information for handover. For uplink, neighbour cell’s average received power from each UE should be signalled between neighbour cells, however uplink geometry may be replaced by downlink geometry since uplink and downlink path losses can be same.

In conclusion, there seems to be no considerable requirements in the standard regarding the scheduling information for the proposed inter-cell interference coordination schemes.

4. Conclusions

In this paper, we summarized the proposals for inter-cell interference coordination so far and discussed the effect on the standard of the proposals.

For proposals (1)-(5), we see a possibility of very common approach in the standard regarding subcarrier grouping and signaling of each subcarrier group’s usage while there can be variation regarding the number of subcarrier groups and the definition of subcarrier group identification for proposal (4) and (5) respectively.

In addition, it was already clarified by the proponent that proposal (6) for uplink had no effect on the standard.
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