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1 Introduction 
The coordinated multiple point transmission/reception (CoMP) has been studied as one of potential technologies for LTE-Advanced [1]. The downlink CoMP operation is classified into two categories such as coordinated scheduling /beam-forming and joint processing/transmission. In the coordinated scheduling (CS) and/or beam-forming, scheduling decisions are coordinated among multiple transmission points. The CS CoMP can be considered as an extension of the inter-cell interference coordination (ICIC) in LTE. 

In this document, we present a CS CoMP method based on multi-cell PMI coordination. Some specification related issues such as UE feedback, backward compatible design, and inter-eNB signaling are discussed.
2 LTE-Release 8 Interference Coordination
In LTE Rel.8, the ICIC for downlink is based on the Relative Narrowband Tx Power (RNTP) signaling between eNBs. The RNTP indicates whether or not the transmit power of a certain PRB is limited to below the configurable threshold. Most of Interference coordination schemes based on fractional frequency reuse (FFR) can be implemented using the RNTP signaling. Figure 1 shows an example of FFR based coordination, where the cells impose power constraint on the frequency bands not used for the cell edge UEs.
3 LTE-Advanced Features
In the section, we introduce a multi-cell coordinated transmission scheme based on FFR and PMI coordination. 

UE feedback aspect:

To support PMI coordination, the LTE-A UE is required to feedback the following information to its serving cell. Only cell-edge UEs are required to send additional feedback (the UEs that have been designated as CoMP UEs by the serving cell). CoMP UEs report PMI restriction/recommendation information to their serving cell. A typical example of such feedback includes the preferred PMI indices for each frequency subband [2][3]:
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Then, 
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is the preferred precoding index for serving cell 
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is the recommended precoding index for neighboring cell 
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. Through multi-cell coordination, the neighboring cell is requested to either use the recommended precoder or not to use the restricted precoder. PMI recommendation is more effective than PMI restriction in suppressing the interference.
In order to avoid excessive feedback overhead, the PMI information can be limited to one or two strongly interfering cells.

The CQI feedback should reflect PMI coordination. When estimating CQI, the UE may assume PMI coordination is done as it has reported or the UE can be informed in prior by the serving cell about the actual PMIs used by the dominant interferers.
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Figure 1: Power setting and PMI coordination signaling: (a) Signaling to the dominant interferers of the UE, (b) Power setting and (c) Signaling for PMI coordination for subband FB: the arrows indicate the signaling direction from the master cells to their interfering cells  
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Figure 2: One way, one-step inter-eNB signaling for PMI coordination

Rel. 8 ICIC (fractional frequency reuse) + PMI coordination:

Because of the backward compatibility constraint (support for Rel. 8 UEs), PMI coordination should be designed to be compatible with the FFR based Rel. 8 ICIC scheme. 

One way of achieving this is separation of LTE UEs and LTE-Advanced UEs into different time-frequency resource regions and application of the interference coordination separately to LTE and LTE-A UEs, i.e., Rel. 8 ICIC for LTE UEs and PMI coordination for LTE-A UEs.

In another approach, both LTE and LTE-A UEs, when they are located at the cell edge, are scheduled within the same cell-edge band. Both LTE and LTE-A UEs at the cell edge are protected by the ICIC scheme based on the inter-cell RNTP signaling and LTE-A CoMP UEs are further protected by additional PMI coordination.
Figure 1 illustrates an example of such combination of Rel. 8 ICIC and PMI coordination. Assuming the exclusive use of the cell edge bands between neighboring cells, as shown in Fig. 1(b), the PMI constraint applies to cell-center UEs only. By sacrificing scheduling freedom of cell-center UEs, such PMI coordination gives less interference to the neighboring cell-edge UEs. 
Inter-eNB signaling aspects:
A cell acts as a “master” for the frequency band for their cell-edge UEs. Similarly, a cell acts as a “slave” for the frequency bands other than the edge band (See Fig. 2).  

If the master cell and its slave cells belong to the same eNB, since there is no problem such as delay and overhead associated with intra-eNB communication, further negotiation for inter-cell coordination is always possible and is more of an implementation issue. 

In contrast, if signaling occurs between cells belonging to different eNBs, it is important to minimize signaling delay and overhead. In this case, one-step and one way signaling rather than two-way and/or multi-step signaling for negotiation or compromise seems desirable when considering backhaul delay and overhead. The master cells send out coordination requests, which contain PMI recommendation or restriction information for each PRB, to the dominant interferers. Upon receiving the coordination request, the slave cells try to follow the requests as much as possible. For example, in Fig. 1(c), Cells B0, B1, B2,  are masters for subband FB and transmit coordination requests to their neighboring cells. Cells A0, A1, A2,…. and Cells C0, C1, C2,….are slaves for subband FB  and should follow the requests as much as possible.
Dealing with conflicts:
When the slave cell in a different eNB cannot meet the PMI coordination request, i.e., if there is no cell-center UEs satisfying the coordination request, silencing is a possible option. It needs to be further studied whether rejection should be allowed and whether rejection needs to be informed to the master cell.
4 Conclusion
We have presented an ICIC scheme, which is a combination of FFR and multi-cell PMI coordination. We propose the followings for downlink coordinated scheduling CoMP.
(1) PMI feedback by cell-edge UEs to support multi-cell PMI coordination (such as PMI recommendation or restriction for strongly interfering cells)

(2) Protection of cell-edge UEs by applying scheduling restriction to cell-center UEs of the neighboring cells.

(3) One-way and one-step inter-eNB signaling for PMI coordination to minimize signaling delay and overhead
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