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1 Introduction
In downlink MIMO enhancement WID [1], CSI feedback enhancement was agreed to discuss as high priority. The one of objectives of DL MIMO enhancement SI is to evaluate UE CSI feedback enhancement especially for MU-MIMO. MU-MIMO operation is considered by many network operators as important to further enhance system capacity. As agreed in the last RAN1 meeting, it is therefore worth studying further potential enhancement for MU-MIMO, which includes UE CSI feedback enhancement and control signalling enhancement [1]. As per the RAN1#66 agreement, scenarios A and C are studied with a higher priority compared to scenario B in the DL MIMO SI, with the following motivations

· Single point transmission should be the focus of the DL MIMO SI 

· Coordination aspects have a lower priority in the DL MIMO SI

The feedback solution optimized for single point transmission (Scenarios A/C) can be further optimized for multi-point transmission (Scenario B) if it does not reduce the performance for single point transmission. 
In this contribution, we discuss CSI feedback enhancements for single point transmission in Rel.11. 

2 CSI enhancement schemes
2.1 Proposed Structure of the Recommended Precoder for 4 Tx
In Rel-10, feedback framework based on a double codebook structure that supports the report of wideband/long term properties W1 and a frequency-selective/short term properties W2 has been agreed because of its potential benefits to increase the feedback accuracy while reducing the feedback overhead.
The R11 feedback framework should target the enhancement of the existing 4Tx feedback while keeping as many similarities as possible. The proposed approach can be summarized as
· It would be beneficial to reuse as much of the existing 4Tx feedback as possible. Therefore, we propose to limit Rel.10 feedback enhancements to areas where competitive performance cannot be achieved with the existing feedback or there is room for large performance improvement.

· For instance, if the double codebook structure does not bring any enhancement for rank 3 and rank 4, there should not be any reason to change something that has been already implemented.

· Whenever the enhancement is performed, e.g. rank 1 and rank 2, the double codebook should re-use the core features of Rel. 10 in order to limit the implementation changes.

· For instance, the double codebook structure should re-use the Rel. 10 4Tx codebook, the RI, the wideband PMI and wideband CQI of Rel. 10
For the 4 Tx case, we propose to apply the double codebook structure (W k, k=1, 2) to rank 1 and 2 and keep Rel. 10 precoding scheme for rank 3 and 4. Denoting the rank (corresponding to RI report) as R, and 

· W1(C1 and W2(C2
· W1 targets wideband/long-term channel properties

· W2 targets frequency-selective/short-term time channel properties,

We propose the recommended precoder W to be built as follows [3].

· For rank R=1 or 2, the precoder W for a subband is the matrix multiplication of the two matrices W2 and W1

W=W2 W1


   where W1 ( C1 and W2 ( C2.
· C2 ={C2,0,…, C2,7} is a 3-bit codebook and W2 is a square unitary 4 x 4 diagonal matrix selected in C2, 

· k=0,…,3: 
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· k=4,5: 
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· k=6,7:    
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· C1 is Rel. 10 4Tx rank-1/2 codebook and W1 is a tall Nt x R matrix selected in C1
· For rank R=3 or 4, a precoder W for a subband is selected in Rel. 10 4Tx rank-R codebook.
The last 4 entries of C2 have been updated to boost the performance in dual-polarized channels.
Proposal: 

· Double codebook structure which increases the feedback accuracy while reducing the feedback overhead should be considered for 4Tx CSI feedback enhancement in Rel.11.
2.2 Multi-Component Feedback
Multi-component report has drawn attention in LTE-A for its benefits in enhancing the performance of the dynamic switching between SU and MU-MIMO. One typical component of this report is the RI/PMI/CQI assuming SU-MIMO transmission. This is the baseline report and can be denoted as the SU MIMO report. On top of this report, we can have additional information in order to enhance the dynamic switching between SU and MU-MIMO. Such information is denoted as the MU MIMO report. There are two ways to enhance the dynamic switching (i.e. feedback the MU-MIMO report):
· In rank restricted feedback, the UE is constrained to report SU-MIMO feedback information but with a constraint on the maximum reported rank. As such, the network will be able to obtain a feedback with a higher resolution in the principal channel directions. Time multiplexing of a SU-MIMO component without rank restriction and a component with restricted rank (in order to improve MU-MIMO performance) can be performed in order to accommodate both components reports. In this way, the feedback overhead for multi-component would not be increased. Here is an example of time-multiplexing of two components.
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Figure 1: Multiplex PMI/CQI/RI Based Feedback

In Figure 1, a UE is configured to periodically feedback Rel-10 type of PMI/CQI/RI and periodically feedback low rank Rel-10 PMI/CQI/RI feedback. The periodicity of feeding back the Rel-10 type of CQI/PMI/RI is P subframes while the periodicity of feeding back the rank restricted feedback is MP subframes. 
· Best-companion PMI/CQI feedback can be used to provide enhanced feedback support for MU-MIMO. Essentially, the best-companion PMI tells eNB about the null-space of the particular UE and this information could be helpful in generating MU-MIMO precoding at the eNB. For a given number of interfering layers, the best companion CQI(s) accounts for the inter-user interference assuming that the best companion PMI(s) are used as the precoders for the interfering layers/users. Alternatively, instead of sending the additional PMI as best-companion PMI to describe the null-space, UE could also send the additional PMI to better describe the signal space. Given that in most scenarios, the best companion PMI is orthogonal to the reported PMI (the classical SU-MIMO PMI), the CQI can be computed assuming that users are assigned on orthogonal precoders. In such scenario, the best companion PMI may not be reported but only the best companion CQI(s) are reported. Hence on top of the classical SU-MIMO RI/PMI/CQI, some additional best companion CQI computed assuming orthogonal precoders are reported
In our views, both methods are good candidates for supporting MU-MIMO operation with minimal modification on top of the existing Rel-10 feedback for 4Tx. For both techniques, the CQI could be computed assuming a certain transmission rank, i.e. the actual number of layers that the eNB expects to send. Such rank could be indicated on the DL to help the UE to report the appropriate information.
Multi-component feedback can be also helpful to accommodate the ePDCCH transmission. In the case when ePDCCH is transmitted with rank 1 transmission and the higher rank CSI feedback is reported, the link adaption of ePDCCH for that UE can be significantly mismatched. Multi-component feedback, especially for the rank restricted feedback can be utilized to link adaption for ePDCCH when higher rank CSI feedback is reported. 

Proposal: 

· Multi-component feedback relying on best companion CQI and rank restricted feedback whose benefits are to enhance the dynamic switching between SU and MU-MIMO should be implemented in Rel.11

2.3 CSI Feedback Granularity
PUSCH mode 3-2 was proposed in Rel.10 timeframe which gives the benefits to MU-MIMO transmission due to high resolution of channel feedback. Moreover, the impairment of time misalignment among transmission antennas can be overcome by finer CSI feedback granularity. However, the performance enhancement is not significant compared with the increased feedback overhead [10]. In [10], it is shown that the classical PUSCH 3-2 does not provide significant gain over PUSCH 3-1 but significantly increase the feedback overhead. This is partially due to the fact that the CQI and PMI reported in the PUSCH 3-2 targets SU-MIMO and therefore do not help much with MU-CQI prediction and MU scheduling.

In order to improve PUSCH 3-2 and accommodate the report of the best companion CQI and rank restricted feedback, a modified PUSCH 3-2 mode to enable multi-component feedback could be introduced rather than the classical PUSCH 3-2 as follows

The report in the same subframe includes

· Multiple subband PMI (one per subband)

· One wideband CQI per codeword

· Multiple differential (w.r.t. the wideband CQI) best companion and rank restricted subband CQI (per subband)

Hence contrary to the classical PUSCH 3-2, the subband CQI is replaced by the best companion and rank restricted subband CQI. The overhead of the modified PUSCH 3-2 is similar to the overhead of the classical PUSCH 3-2.

Proposal: 

· Introduce a modified PUSCH 3-2 in order to accommodate the best companion CQI and rank restricted feedback.

3 Conclusion
In this contribution, we proposed the CSI feedback enhancements for DL MIMO enhancement in Rel-11. It can be summarized as follows:
· Double codebook structure which increases the feedback accuracy while reducing the feedback overhead should be considered for 4Tx CSI feedback enhancement in Rel.11.

· Multi-component feedback relying on best companion CQI and rank restricted feedback whose benefits are to enhance the dynamic switching between SU and MU-MIMO should be implemented in Rel.11

· Introduce a modified PUSCH 3-2 in order to accommodate the best companion CQI and rank restricted feedback.
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