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1. Introduction

The WI on EBF/FD-MIMO was agreed [1] and the objectives in WID include enhancement on reference signal and CSI reporting for beamformed CSI-RS as follows: 
· Specify enhancements on reference signal in the following areas 

· Beamformed CSI-RS
· Specify enhancements on CSI reporting in the following areas 

· Necessary channel state information for beamformed CSI-RS
This contribution proposes a codebook design for beamformed CSI-RS. Based on the configuration of beamformed CSI-RS proposed in [2], we investigate how to support beam selection or port pair selection in this WI. In particular, we propose rank 1 and 2 codebook for beamformed CSI-RS applying on legacy codebook framework.
2. CSI Reporting for Beamformed CSI-RS 
In [2], the configuration of beamformed CSI-RS is proposed. For example, suppose that 2N-port beamformed CSI-RS is defined and the 2N beamformed CSI-RS ports are partitioned into two groups, where each group is composed of N CSI-RS ports with N different beams. Moreover, the beamformed CSI-RS ports assigned to each group are connected to the same polarization antennas. Based on this configuration, N pairs of beamformed CSI-RS can be made where the pair of ports might have a same beamforming weight. 
With multiple beamformed CSI-RS ports, since each beam direction might result in different quality of channel, it is desirable to report beam selection information to support effective utilization of beamformed CSI-RS such as PDSCH transmission with the strongest beam direction. Note that beam selection information is equivalent to port pair selection in this scenario since each port pair is beamformed with different beams.
Observation 1: Reporting of port pair selection can be considered to support effective utilization of beamformed CSI-RS. 
To introduce reporting of port pair selection for beamformed CSI-RS, RAN1 might consider a few alternatives; basically, an explicit port pair index feedback can be one of the alternatives. Reporting an explicit index could be effective to support one beam selection out of multiple beams. In case of multiple beam selection, however, for instance, to support 4Rx UE, several fold feedback overhead for higher rank might be needed that cause inefficient PUCCH reporting design. Another possible way to support beam selection is via a codebook design where codewords compose of port pair indication. Fortunately, legacy codebook framework includes selection property out of multiple candidates; thus applying the same framework could be considered for this alternative. If this approach is available and codebook size is retained to be the same as legacy codebook, PUCCH design for CSI reporting for beamformed CSI-RS can reuse legacy PUCCH-based CSI reporting mechanisms. That is another advantage in terms of minimal specification impact.
Proposal 1: Codebook design to indicate port pair selection based on at least a legacy codebook framework is preferred in Rel.13.
3. Proposed Codebook Design for Beamformed CSI-RS
In this section, we investigate a codebook design to support port pair selection and co-phase applying on legacy codebook framework. 
3.1. 8Tx Rank 1 and 2 Codebook
In Rel.10 8Tx codebook [3], W1 codebook index selects beam group where a group composes four adjacent beams and W2 codebook index select one beam among beams in the group and co-phase between antenna polarizations. For instance, 8Tx rank 1 codebook can be written as follows: 
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In this contribution, we propose applying W2 codebook in which composes of selection part and co-phase part to conduct a port pair selection. For instance, suppose that one of W1 codebook is changed into block diagonal matrix with identity matrix entries as follows: 
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With above replacement of W1, resulting codewords after multiplication of W1 and W2 seem to have a property of beam pair selection and co-phase feedback. The advantage of this approach, i.e., applying on legacy codebook framework for codebook design for beamformed CSI-RS, is that specification change could be minimized while supporting beam selection feedback for beamformed CSI-RS. Moreover, since rank 1 and rank 2 codebook use the same W1 codebook, rank 2 codebook can be also achieved by rank 1 codebook design. 
Proposal 2: Applying the legacy codebook framework with proper replacement of W1 codebook can be considered for 8Tx rank 1 and rank 2 codebook design.
3.2. 4Tx Rank 1 and 2 Codebook

For 4Tx rank 1 and 2 codebook design, we propose two possible approaches. One option is that using 8Tx codebook designed for beamformed CSI-RS introduced in the previous section to support any number of beamformed CSI-RS ports less than 8 ports, e.g., 2, 4 or 6 ports. Actually, beam selection with 4 ports can be a subset of beam selection with 8 ports. For instance, if codeword indices (i2) from 0 to 15 are designed to select a beam out of 4 beams, i.e., there should be codewords inside that indicate a beam selection out of 2 beams, e.g., indices from 0 to 7. Therefore, using 8Tx codebook and proper configuration of codebook subset restriction might be applied to support any number of beamformed CSI-RS ports less than 8 ports including 4 ports.
Another option to design 4Tx codebook is that applying on Rel.12 4Tx codebook framework. For instance, considering different structure between Rel.12 4Tx codebook and Rel.10 8Tx codebook, e.g., different W1 matrix size due to different number of transmit antenna ports, a proper W1 replacement can be applied as follows:
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and resulting codewords after multiplication of W1 and W2 seem to have a property of beam pair selection and co-phase feedback similar to 8Tx codebook.
Proposal 3: Either using 8Tx codebook design for beamformed CSI-RS with codebook subset restriction or applying on Rel.12 4Tx codebook framework with proper replacement of W1 can be considered for 4Tx rank 1 and rank 2 codebook design.

3.3. 2Tx Rank 1 and 2 Codebook

In case of 2Tx beamformed CSI-RS ports, beam selection is not necessary and only co-phase between ports are needed. This can be directly achieved by Rel.8 2Tx codebook. Alternatively, the legacy 8Tx codebook can be reused in a similar manner as above. That is, codeword indices (i2) from 0 to 3, with proper replacement of W1 (as described above), performs co-phasing between 2 ports.
4. Discussion and Conclusion

This contribution has discussed rank 1 and rank 2 codebook design for beamformed CSI-RS in Rel-13, and made following observation and proposals.
Observation 1: Reporting of port pair selection can be considered to support effective utilization of beamformed CSI-RS. 

Proposal 1: Codebook design to indicate port pair selection applying on legacy codebook framework is preferred in Rel.13.

Proposal 2: Applying the legacy codebook framework with proper replacement of W1 codebook can be considered for 8Tx rank 1 and rank 2 codebook design.

Proposal 3: Either using 8Tx codebook design for beamformed CSI-RS with codebook subset restriction or applying on Rel.12 4Tx codebook framework with proper replacement of W1 can be considered for 4Tx rank 1 and rank 2 codebook design.
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