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1 Introduction

According to RAN1 email discussions and conclusions [1], the boundary between DL CoMP and MIMO was actively discussed. It was found that there exist many crossing areas in CSI feedback enhancement between DL CoMP and MIMO.
In this contribution, we will discuss and compare the solutions for DL CoMP/MIMO feedback enhancement.
2 Multi-point CSI feedback
In multi-point deployment scenarios supporting cooperation between points, such as Scenarios 1/2/3/4 in DL CoMP and Scenario B in DL MIMO, multi-point CSI feedback needs to be implemented. In general, there are mainly two solutions:
1) Per-point feedback: CSI feedback with individual codebooks at each point, where inter-point information is possibly needed;
2) Aggregated feedback: CSI feedback with one global codebook.
Next, we will compare per-point feedback and aggregated feedback from different aspects.

2.1 Codebook performance

Per-point feedback with the aid of inter-point phase information has been widely studied in CoMP SI. The main concern about per-point feedback is its relatively lower codebook performance. This is because that the composite codebook generated online for single-point feedback is typically not sufficiently optimized, compared with the aggregated codebook which can be optimized offline. However, with the aid of inter-point phase information and the fact that the CoMP cooperating set contains only a small number of transmission points, the above issue might not be a problem.
First, by utilizing inter-point phase information, the number of code vectors or the size of orthogonal subsets used in per-point feedback will increase, and thus generally becoming comparable with those used in aggregated feedback. Second, if the number of transmission points is small, local optimization for per-point codebook can provide a performance approaching that of the global optimization for aggregated codebook. Note that the assumption of small number of transmission points is readily satisfied, since 3-point coordination is the baseline in Scenarios 1/2, and 2-point coordination has been evaluated in Scenarios 3/4 and shown significant gains [2][3].
Observation 1: Under the fact that the CoMP cooperating set contains only a small number of transmission points, the performance of per-point feedback employing inter-point phase information can provide a sufficiently good performance.
2.2 Issues of large phase rotation and received power imbalance

The issues of large phase rotation and received power imbalance arise in Scenarios 3/4, where geographically separated antennas are deployed.
For per-point feedback, only moderate standardization efforts are needed for resolving these issues with aid of inter-point phase information and per-point CQI. Specifically, the legacy codebooks were designed for single-point transmissions. In order to support CoMP, one may combine the legacy single-point codebooks by incorporating the difference of inter-point phases and of received powers. This greatly simplifies the codebook design, since the large phase rotation may be represented by inter-point phase information, while the received power difference information could be reflected by per-point CQI, which has been defined in [1] as “only accounting for interference outside the CoMP measurement sets or relative received power between CoMP transmission points”.
However, resolving the issues of large phase rotation and received power imbalance for aggregated codebooks will require much specification efforts. The legacy codebooks were typically designed under the hypothesis that the multiple antennas are uniformly located with a close spacing between each other. Therefore, in order to implement aggregated codebooks for CoMP, a new type of aggregated codebook needs to be designed, e.g. a codebook addressing large phase rotation and power imbalance between sub-matrices. This requires much more efforts than the per-point codebook case from the standardization perspective.
Observation 2: The issues on the large phase rotation and received power imbalance will require a new type of aggregated codebook for aggregated feedback, which is not needed for per-point feedback.
2.3 Restriction on reuse of legacy codebooks
As pointed out the the previous section, legacy codebooks could be reused as the independent single-point codebook in per-point feedback. However, for aggregated feedback, the legacy codebook could be reused, only if the total number of antennas at all transmission points is equal to 2, 4, or 8. This is a tight constraint for CoMP deployment and can not be easily extended to future releases, where more antennas may be supported in single point.
Observation 3: Reusing legacy codebook is restricted by the total antenna number for aggregated feedback, while not for per-point feedback.
2.4 Supports to DPS and CS/CsB schemes
To support DPS and CS/CB schemes with aggregated feedback, the codebook needs to be re-designed such that it can be suitable for local precoding, e.g. the matrix with block structure, which needs great standardization efforts. By contrast, the no change in codebook is needed for per-point feedback.
Observation 4: To support DPS and CS/CB schemes, a new type of codebook, e.g. containing block-structured matrices, is needed for aggregated feedback, which is not needed for per-point feedback.
In the above discussions, Observation 1 is mainly from the performance perspective, while Observations 2/3/4 are mainly from the perspective of standardization impacts. Hence, we propose that:
Proposal 1: The priority of per-point feedback should be considered high priority in multi-point CSI feedback design.
3 Single-point CSI feedback
Single-point CSI feedback has been defined in Rel-8/9/10. For Rel-11, they need to be enhanced in the context of MU-MIMO and other new scenarios, such as Scenarios A and C.
3.1 Codebook enhancement
It is agreed at the RAN1#66 meeting that CSI accuracy enhancement is a high-priority study in RAN1 for Rel-11. Besides the quality of interference measurement [4], CSI accuracy is mainly related to the quantization accuracy of codebook. A popular view is that the enhancement for 2Tx/4Tx cross polarized antenna has the highest priority. Recalling the 8Tx codebook design process in Rel-10, we observe that the dual codebook design in the form of Grid of Beam (GoB) and DFT has attracted most attention for design of correlated cross polarized channel codebooks. Thus, it might be preferred to design the Rel-11 codebook following similar principles.
Hence, we may consider the option of extracting the 2Tx/4Tx codebook components from the Rel-10 8Tx codebook. The example of design process and evaluation results can be found in Appendix. The simulation results therein show that the proposed 4Tx DFT codebook, which has 16 DFT vectors, has less quantization errors than Rel-8 4Tx codebook. The feedback overhead for W1 and W2 is the same, namely 3 bits. Since W1 is long-term feedback, so the overall feedback overhead for our proposed 4Tx DFT codebook is less than Rel-8 4Tx codebook, which has a feedback overhead of 4 bits.
Proposal 2: For single-point CSI feedback, the codebook for 2Tx/4Tx cross polarized antenna should be enhanced based on principles of Rel-10 8Tx codebook design.
3.2 CSI feedback for Scenario C
In Scenario C, multiple LPNs are deployed, which constitute a multi-point scenario dispensing with the coordination between the points. From CSI feedback perspective, UE can dynamically select its preferred transmission point(s), as in the DPS scheme for DL CoMP. Evaluations for Scenarios 3/4 have shown that DPS has a sufficient gain in HetNet [2][3]. Thus, it is recommended to reuse the mechanism of DPS in Scenario C. Under the assumption of static UEs in Scenario C, the point (antenna) selection gain can be exploited without backhaul support between points. However, since no backhaul support can be provided in this case, the UE’s data has to be readily available at all candidate TPs.
Proposal 3: In Scenario C, CSI feedback for point selection should be supported.
4 Conclusion
Following the analysis above, we propose that:
Proposal 1: The priority of per-point feedback should be considered high priority in multi-point CSI feedback design.
Proposal 2: For single-point CSI feedback, the codebook for 2Tx/4Tx cross polarized antenna should be enhanced based on principles of Rel-10 8Tx codebook design.
Proposal 3: In Scenario C, CSI feedback for point selection should be supported.
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6 Appendix
6.1 Codebook design

We try to extract the 4Tx DFT-based dual codebook for rank 1 using the method of [5]. 

· W1 = [X 0;0 X] block diagonal,  W = W1*W2
· Block diagonal W1: matching the spatial covariance of dual-polarized antenna setup with any spacing (e.g. l/2 or 4λ)

· 16 2TxDFT beams for X  (oversampled 8x)
· Beam index: 0,1,2, …,15
· W1 Nb=2 adjacent non-overlapping beams

· Eight W1 matrices per rank: {0,1}, {2,3}, {4,5}, {6,7}, {8,9}, {10,11}, {12,13}, {14, 15}

· W2 selection + co-phasing:

· Rank 1: 4 selection hypotheses, 4 QPSK co-phasing hypotheses

The proposed codebook can be expressed as follows:
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6.2 Channel modeling

For simplicity, a channel matrix can be modeled as the product of a correlation matrix and an i.i.d uncorrelated channel matrix [6]:
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where H denotes the per-tap correlated channel matrix (H is per-tap by default in the following unless stated otherwise) and R is the correlation matrix and Hw is the i.i.d uncorrelated channel matrix. Also, vec(H) denotes the column-wise stacking of matrix H and unvec() is the reverse operation. R1/2 is the square root of matrix R. Hence, any correlation considered in the model can be achieved by solely modifying the correlation matrix R.
6.3 Channel modeling for dual polarization antennas
Accordingly, the channel model for dual polarization antennas is as below [6]:
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where 
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represents the Kronecker product, while RBS and RMS are the spatial correlation matrices at the BS and MS. The following matrix represents a system where Tx antennas are deployed at two locations, and so are Rx antennas:
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where α is a variable factor representing correlation.
6.4 Simulation results
In Fig. 1, the red line represents Rel-8 4Tx codebook, while the blue line represents our proposed 4Tx DFT codebook. The quantization error e is calculated as [7]:
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Fig. 1: Comparison of average quantization errors of Rel-8 4Tx codebook and the proposed 4Tx DFT codebook.
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