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1. Introduction

MU-MIMO with intra-eNB coordinated beamforming (CB) is a key technique used to achieve the ITU performance requirements [1]. Furthermore, a simple CoMP transmission scheme such as coordinated scheduling (CS) is known as a useful tool to improve the capacity in heterogeneous networks [2],[3]. This contribution investigates channel quality indicator (CQI) extension to support efficient link adaptation for CS/CB.
2. Problem of Conventional CQI Definition
At the 3GPP RAN1#58 meeting, “individual per-cell feedback” was agreed upon as the baseline to support downlink CoMP transmission. However, as discussed in [4] and [5], refinement of the CQI definition may be necessary to support such CoMP schemes. Figure 1 illustrates an example of intra-eNB inter-cell coordination with two cooperating cells. 
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Figure 1 – Example of intra-eNB inter-cell coordination with two cooperating cells
Here, S1 and S2 represent the received signal power from cells #1 and #2 belonging to the same eNB, respectively. Then, I+N denotes the total noise plus interference signal power from cells outside of the coordination. In this case, the CQI for each cooperating cell is represented as
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where we assume the CQI definition for TxD type feedback specified in Rel. 8 and 9. In each CQI, the received signal power from the other cooperating cells is included as interference. 
Meanwhile, the CQI after CS can be represented as
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where w1 denotes the beamforming gain for cell #1 estimated at the eNB. In this equation, S2 is removed by muting operation at cell #2. Similarly, the CQI after CB can be represented as
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where w2 denotes the beamforming gain for cell #2 estimated at the eNB, e.g., w2 = 0 if perfect zero-forcing is assumed. Such beamforming gain can be derived from the long-term covariance matrix for instance. 
In this case, however, it is impossible to derive the CQI after performing CS/CB as shown in Eq. (3) or (4) by using individual per-cell feedback as shown in Eqs. (1) and (2). Therefore, refinement of the CQI definition is necessary to support efficiently link adaptation for CS/CB.
3. CQI Extension Method for CS/CB
In this section, we investigate two approaches for CQI extension to support CS/CB.

(1) Individual per-cell feedback using the CQI without interference from the cooperating cells

(2) Conventional CQI feedback for the serving cell and additional feedback information
3.1
Individual Per-Cell Feedback Using CQI Without Interference from Cooperating Cells
This approach is reported in [4] and [5]. According to the inter-cell coordination model used in Section 2, the CQI without interference from cooperating cells is represented as
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In this approach, inter-cell orthogonal CSI-RS design [6] will be useful in deriving these CQIs accurately. According to the individual per-cell feedback, the CQI after CS/CB can be derived as
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Furthermore, the following was agreed at the 3GPP RAN1#58 meeting.

· UE feedback in support of a CoMP transmission category is such that it also enables the network to dynamically switch to single-point transmission for this CoMP transmission category
To support dynamic switching, it should be possible to derive the CQI for the single-point transmission from the refined feedback. It can be easily derived by assuming w2 = 1 in Eq. (8), although its accuracy should be carefully investigated.
3.2
Conventional CQI Feedback for Serving Cell and Additional Feedback Information
This approach gives higher priority to backward compatibility with the conventional CQI definition at least for the feedback to the serving cell. The CQI after CS/CB is derived by using additional feedback information. Therefore, its accuracy depends on the type of additional feedback information. In this contribution, we suggest using relative received power as one of the possibilities.
According to the inter-cell coordination model used in Section 2, the CQI for the serving cell and relative received power, S are represented as
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In this approach, more accurate single-point transmission is possible compared to the individual per-cell feedback explained earlier, since Eq. (9) can be used directly. Therefore, inter-cell non-orthogonal CSI-RS design may be preferred for the approach although further investigation is needed. According to the feedback, the CQI after CS/CB can be derived as
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However, its accuracy should be carefully investigated considering the aspects given below.
· Inter-cell CSI-RS design

· Quantization scheme for S
· Averaging interval/bandwidth for S
4. Conclusion

This contribution investigated CQI extension to support efficient link adaptation for downlink CS/CB. In order to solve the problem of the individual per-cell feedback using the conventional CQI definition, we suggested two approaches.
(1) Individual per-cell feedback using CQI without interference from the cooperating cells

· Inter-cell orthogonal CSI-RS will be useful
· Accuracy for dynamic switching to single-point transmission should be carefully investigated

(2) Conventional CQI feedback for the serving cell and additional feedback information
· Given priority to single-point transmission and keep conventional CQI definition at least for the serving cell
· Relative received power is one of the possibilities for additional feedback information
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