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1. Introduction

To be adapted for a various communication environment, specification of non-uniform network configuration has been under great concern in the current specification. The use of relay node was discussed in Rel-10 period, the low power node such as RRH was introduces in Rel-10, and in Rel-11, even single cell could have hierarchical structure which is composed by one high power eNB and multiple low power RRHs [1]. Thus, Rel-11 downlink MIMO would face a new network configuration, single cell composed by multiple transmission point, and the UE connected via low power RRH in hierarchical structure single cell would raise specification issues. This contribution discusses the CSI feedback for the single cell MIMO operating in low power RRH in heterogeneous single cell network.

2. Hierarchical structure single cell network deployment in Rel-11
To support low power node downlink MIMO transmission, we may need to build or modify 2/4 Tx codebook, and beside the codebook design issue, considering the communication environment of low power RRH having the same cell ID with eNB, we need to clarify the requirement for single cell MIMO transmission control and CSI feedback. Figure 1 shows the Rel-11 specific intra-cell interference scenario which has not been considered in Rel-10 single cell MIMO scenarios. In Rel-10 or 11, non-uniform cell would be configured where the coverage area of low power node is overlapped by high power eNB. When the low power node construct a coverage area by difference cell ID from the cell defined by eNB, we may use eICIC which applies time division multiplexing between high power eNB and low power node. But in case the low power node does not has its own cell ID, UE may expect to receive the downlink signal / downlink channel from both eNB and RRH at the same time, and inter-transmission-point-interference, which is a kind of intra-cell interference, could happen. If MU-MIMO operation is supported between low power RRH and high power eNB, the UE connected via low power node could be suffered by severe intra-cell interference. The simplest example would be a spectral and/or time division multiplexing between high power eNB and low power RRHs. But, for the scheduler flexibility, if we want to support MU-MIMO operation between different transmission points, we would be required to find better solution. In Rel-10, during the study about intra-cell-interference avoidance, companion indicator feedback has been taken great concern from many companies, and we believe that this scheme could provide good solution in the considered environment. 
Proposal: Study companion indication scheme which would be oriented for the intra-cell-interference management in heterogeneous single cell network.
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Figure 1. Inter-point (intra-cell) interference to low power RRH UE

3. Companion indication for low power node in single cell MIMO  
Companion indicator feedback for single cell MIMO has a long history. In the history of companion indicator feedback, it has been mostly assumed that 
· UE may receive downlink signal via single link. The desired signal, desired data and the interference caused by co-scheduling would be received via the same physical channel  
· The vertical channel of the desired signal, the virtual channel of desired data or the virtual channel of interference would be different due to the use of precoder 

· Use of orthogonal precoder matrix for co-scheduled UE would be a baseline 

· Best (Worst) companion indicator and delta-CQI would be required for each UE to report 
· If we reuse Rel-8 codebook for 4Tx antenna array
· Since orthogonal precoder matrix sets are predetermined in codebook, delta-CQI would be reported without companion indicator.
In Rel-10 network and cell structure, it would be possible just send delta-CQI which indicates the CQI degradation by the expected companion, or it would even possible to predict the MAI at eNB side or the decision of co-scheduling UEs could be an implementation issue due to the channel and codebook structure. 
However, in Rel-11 single cell MIMO, where the UE could receive signal from either high power eNB, or the low power RRH, the intra-cell interference scenario seems quite different unless spectral/time division is not used between high power eNB transmission and low power RRH transmission. In Rel-11, 
· Multiple or more than 1 link would exist in single cell between transmitter and UE receiver. 

· In MU-MIMO mode, the interference and the desired PDSCH could be received either via the same physical channel, or via different physical channel. 
· The use of orthogonal precoder matrix at high power eNB and low power RRH would not be a proper solution.

· Due to the different network configuration and the different channel properties, Rel-11 may not reuse Rel-8 codebook for 2/4 Tx antenna array 

· UE’s CSI reporting would not be composed by the orthogonal matrixes. 

· eNB’s prediction to select the candidate of co-scheduled UE would not be supported without companion indicator feedback. 
At this moment, it is not clear whether we would design a new codebook which could provides some prediction for inter-cell-interference (intra-point-interference). Thus the necessity of companion indicator feedback seems still be an issue for further study. However, considering the properties of Rel-11 low power node’s channel and interference characteristics, companion indicator seems an attractive scheme for the interference management.

4. Proposal 
Study companion indicator feedback for the intra-point interference management in hierarchical structure single cell.
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