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1. Introduction
During the previous RAN WG1#58 meeting at Shenzhen, the following proposals and way forward were agreed upon for Coordinated multi-point transmission and reception (CoMP) operation in LTE-Advanced.

· If new feedback will be needed, strive for scalable feedback for different CoMP categories (coordinated beamforming (CBF) and joint processing (JP)) if both CoMP categories were supported.

· Feedback scalability means that a feedback in support of CoMP JP is a superset of a feedback in support of CoMP CBF. 

· A 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
· Individual per-cell feedback is the baseline for schemes that need feedback

· Complementary inter-cell feedback might be needed

· The detailed explicit, implicit or SRS-based feedback designs, if any, are FFS

· Combinations of full or subset of above three are possible

Based on the agreements, this contribution investigates details regarding the scalable channel state information (CSI) feedback for different CoMP categories in LTE-Advanced.
2. Relationship to Single-Cell CSI Feedback Enhancement for DL MU-MIMO
As we presented in [1], enhancement for the single-cell CSI feedback to support DL multi-user (MU)-MIMO should be investigated for Rel. 10 work item specification. Therefore, when extending the CSI feedback to multi-cell is considered for DL CoMP, we must take into account the single-cell (intra-cell) enhancement as well as multi-cell (inter-cell) enhancements for CSI feedback as shown in Fig. 1. In order to minimize the number of options to be enhanced, it would be beneficial to identify the baseline single-cell feedback mode(s) for scalable feedback for DL CoMP considering the expected deployment scenarios.
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Figure 1 – Relationship between single-cell enhancement for MU-MIMO and

multi-cell extension for DL CoMP
3. CSI Feedback Scalability for Different CoMP Categories
3.1. Framework for CSI Feedback
As mentioned in the previous section, identification of the baseline single-cell feedback mode(s) for scalable feedback for DL CoMP is important for this study. We propose a framework for CSI feedback in LTE-Advanced based on the extension of the Rel. 8 PUSCH reporting modes to support MU-MIMO and CoMP [1] as shown in Table 1. Here, CSI feedback is defined as the combination of CQI and explicit/implicit spatial channel information (SCI). In this contribution, we investigate the following two types of extension of the CSI feedback mode to support DL CoMP in LTE-Advanced considering feedback scalability for different CoMP categories.
Table 1 – Proposed framework for CSI feedback in LTE-Advanced based on 
extension of Rel. 8 PUSCH reporting modes
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(A) Extension of Mode 3-1 (Wideband SCI + Higher layer configured subband CQI)
This type of CSI feedback mode extension is the preferred approach to achieve relatively simple CoMP, e.g., single-user CoMP or coordinated scheduling/beamforming (CS/CB) using a highly spatially-correlated antenna configuration at the eNode B. We consider that the baseline single-cell feedback in this mode is the combination of subband CQI and wideband SCI, e.g., a short-term or long-term wideband covariance channel matrix, e.g., [2]-[4]. To support CS/CB, dynamic cell selection (DCS), and/or joint transmission (JT), we define multiple CSI feedback extension levels by adding the required CSI feedback information, e.g., [5]-[7] to the baseline single-cell feedback as shown in Fig. 2. When applying these multiple extension levels within the same CSI reporting mode, CSI for a higher extension level should be a superset of that for a lower extension level according to the way forward. Further investigations are necessary regarding how many extension levels and how many options need to be specified considering the additional performance gain and feedback overhead for each CoMP scheme.
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Figure 2 – Example of extension of CSI feedback for Mode 3-1
(B) Extension of Mode 1-2 and/or 2-2 (Subband SCI + Wideband or UE selected subband CQI) 

This type of CSI feedback mode extension is useful to support advanced CoMP, e.g., JT with MU-MIMO, in local areas with a very high traffic density such as in urban microcells, hotspots, and indoors assuming a low spatially-correlated antenna configuration at the eNode B. We consider that the baseline single-cell feedback in this mode is a combination of (wideband or subband) CQI and subband “detail” SCI, e.g., a direct channel matrix or covariance matrix, e.g., [2],[8]. If there is a need to extend the CSI to multi-cell in order to support advanced CoMP, the extended CSI can be defined by adding the CSI of other cells as shown in Fig. 3. To decide if there a need to extend this mode, further investigation is necessary regarding how much of a performance gain is obtained by employing advanced CoMP considering the trade-off relationship with the feedback overhead [9]. 
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Figure 3 – Example of extension of CSI feedback for Mode 1-2 (and/or 2-2)
4. CQI Definition for CoMP
To achieve accurate scheduling and link adaptation for CoMP and MU-MIMO in LTE-Advanced, the reported CQI (or SINR) should be recalculated considering the transformed precoding weight when using coherent transmission and/or interference suppression, and coordinated scheduling results at eNode B. In Fig. 4, we show an example of the flow at the eNode B for the refinement of the CQI definition to support CoMP and MU-MIMO. 
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Figure 4 – Example of control flow at eNode B considering refinement of CQI definition for CoMP 

Some common issues and views regarding MU-MIMO and CoMP operation in LTE-Advanced are given in [1]. In addition, a CoMP specific issue on how to take into account interferences from cells within a CoMP reporting set must be investigated. Alternatives are given below. 
· Alt. 1: Not considered as interference
· Alt. 2: Considered as interference, but precoding effect is not considered in reported CQI, e.g., average of channel gain over multiple antenna ports)
· Alt. 3: Considered the same as cells outside the CoMP reporting set
Our view is that Alt. 1 or 2 is sufficient since the eNode B can transform CQI anyway so that it enables dynamic switching between CoMP transmission and single-point transmission. 
5. Conclusion

This contribution investigated details related to the scalable feedback for different CoMP categories and presented our views on the CSI feedback scheme to support DL CoMP in LTE-Advanced. Since we consider identification of the baseline single-cell feedback mode(s) for the scalable feedback for DL CoMP is important for this study, we suggested a framework for CSI feedback based on the extension of the Rel. 8 PUSCH reporting modes. We investigated the following two types of extension for the CSI feedback mode to support DL CoMP.
(A) Extension of Mode 3-1 (Wideband SCI + Higher layer configured subband CQI) to support relatively simple MU-MIMO and CoMP schemes

(B) Extension of Mode 1-2 and/or 2-2 (Subband SCI + Wideband or UE selected subband CQI) to support advanced MU-MIMO and CoMP schemes

Furthermore, we raised an issue regarding definition of CQI for CoMP, i.e., how to consider interference from cells within the CoMP reporting set to achieve accurate link adaptation.
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