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1. Introduction

The work item on elevation beamforming and full dimension MIMO was approved in the 3GPP RAN#68 meeting [1]. CSI feedback is an essential enhancement aspect to acquire the gain of FD MIMO. The CSI feedback enhancement in the WI is described below:

· Specify enhancements on CSI reporting in the following areas [RAN1]

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports
In RAN1#82 meeting, two CSI reporting Class (A and B) are defined to support the CSI reporting based on non-precoded CSI-RS and beamformed CSI-RS by following:

Agreements:
· CSI reporting with PMI
· A CSI process can be configured with either of two CSI reporting classes, A or B (FFS: both A and B): 

· Class A, UE reports CSI according to W=W1W2 codebook based on {[8],12,16} CSI-RS ports

· Class B: UE reports L port CSI assuming one of the four alternatives below

· Alt.1: Indicator for beam selection and L-port CQI/PMI/RI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.

· Alt.2: L-port precoder from a codebook reflecting both beam selection(s) and co-phasing across two polarizations jointly. Total configured number of ports in the CSI process is L.

· Alt.3: Codebook reflecting beam selection and L-port CSI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.

· Alt.4: L-port CQI/PMI/RI. Total configured number of ports in the CSI process is L. (if CSI measurement restriction is supported, it is always configured)

· Note: A “beam selection” (whenever applicable) constitutes either a selection of a subset of antenna ports within a single CSI-RS resource or a selection of a CSI-RS resource from a set of resources

· Note: The reported CSI may be an extension of Rel.12 L-port CSI

· Details such as possible values of L are FFS

· Further down-selection/merging of the four alternatives is FFS

· Study further for CSI measurement restriction
For class A, new codebook is needed at least for 12 and 16 CSI-RS ports. For class B with Alt.1 and Alt.4, legacy codebook can be reused for PMI report. For class B with Alt.2 and Alt.3, new codebook may be introduced to reflect both beam selection information and corresponding precoder. In this contribution, we discuss the possible codebook enhancement for CSI reporting class B.
2. Discussion
If beam selection at UE side is supported for beamformed CSI-RS (defined as CSI reporting class B), the beam selection indictor can be reported independently or carried by the PMI information. For the latter case, current codebook design can’t be reused to reflect both beam selection and corresponding precoder. In the past meeting, codebook enhancement schemes for beamformed CSI-RS were proposed by some companies to reflect beam information in PMI feedback. The alternatives for these codebook designs are analyzed below.
· W2 based feedback with polarization-pair specific beamforming[2]
· Reduced feedback overhead without additional BI or W1 report
· need additional non-precoded CSI-RS (e.g. additional CSI-process) or channel reciprocity (may only be applied to TDD) to determine the 2D-beams for each UE
· Part of current feedback/codebook mechanism can be reused and some modification is needed, e.g. a especial assumption of W1
· UE-specific CSI-RS beamforming may lead to high CSI-RS overhead when the number of active UEs is large
· Non-constant modulus codebook for port-specific beamforming[3]
· Only new codebook is needed and the feedback mechanism can be mostly reused
· The new codebook which is very different from previous LTE codebook (constant modulus) is complex and lacking of discussion
· Need multiple new codebooks (e.g. 4/8/12/16 ports) for different beam number 
· Codebook based on Kronecker product of beam indicator and precoder[4]
· The feedback overhead is larger than separate feedback of BI and precoder described in [5] since the same report period should be applied to the BI and precoder.
· Loss of flexibility to apply different feedback design for BI and precoder
· The size of PMI may be larger than 11 and would lead to additional specification design
· Different beam number would lead to different PMI overhead which makes the feedback design more complex (If only single beam number is supported, the configuration would be very restricted.)
Except the above codebook designs, there could be other codebook enhancements for beamformed CSI-RS. However, some common issues would rise as long as PMI is exploited to carry beam indictor. 
· Limited to codebook design, the flexibility is restricted and only little number of beams, e.g. 1, 2 or 4 beams, can be supported. 
· The accuracy of beam indicator is equal to precoder feedback, and would be even worse than RI which is derived according to the beam indicator.
· The same report period for beam indicator and precoder would increase unnecessary feedback overhead, since the beam indicator would change much more slowly.

· Additional UE complexity is needed for CSI feedback based on new codebook. 
· New codebook for beamformed CSI-RS was not evaluated in SI, and the performance is unclear.

In a word, many issues need to be solved for codebook enhancement for beamformed CSI-RS. It is challenging to complete the study and evaluation within the short Rel-13 time frame. The Rel-12 codebook can be reused for beamformed CSI-RS and the codebook enhancement can be studied in future release if the time is insufficient in Rel-13.
Proposal: New codebook enhancement for CSI reporting class B is FFS considering the time frame in Rel-13.
3. Conclusion
In this contribution, we discuss the codebook design for CSI reporting class B. Some codebook enhancement schemes for beamformed CSI-RS are analyzed and the issues of new codebook design are pointed out. These issues should be taken into count during the codebook design for CSI reporting class B. If it is difficult to provide the solutions for these issues in Rel-13, new codebook can be studied in future release.
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