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Introduction
At the RAN #71 meeting, a new work item, enhancements on full-dimension (FD) MIMO (eFD-MIMO) for LTE, was approved [1]. One of the objectives is to enhance hybrid CSI reporting, which is captured as follows.
· Extend specification support for CSI reporting in the following areas [RAN1]
· CSI reporting mechanism to support joint utilization of different CSI-RS types at the UE such as between non-precoded CSI-RS and beamformed CSI-RS as well as between different types of beamformed CSI-RS

In this contribution, we discuss CSI reporting mechanism to suport joint utilization of CSI reporting.
Discussion 
According to the increase in the number of antenna elements (AEs), it is possible to exploit larger beamforming gain. Paradoxically, this means increase in the number of candidate beams and CSI feedback overhead. In order to address this issue, stepwise CSI acquisition scheme with hybrid CSI-RS has been discussed since Rel. 13 standardization. Fig. 1 shows general procedure for CSI reporting with hybrid CSI-RS. In the 1st step, eNB acquires coarse CSI. That can be long-term/wideband CSI such as rough AoD/EoD, or partial CSI such as vertical CSI. This step can be conducted by multiple ways. For example, class B (K>1), i.e., beam selection, or channel reciprocity based scheme can be utilized in order to determine rough beam direction as shown in the appendix. Another example can be class A CSI reporting in order to obtain vertical PMI. By using the coarse CSI obtained in the 1st step, multiple AEs are virtualized into single antenna port (AP). Then, UE-specific BF CSI-RS can be used to obtain finer CSI, e.g., fine PMI, co-phasing, etc, in the 2nd step. 
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Figure 1: Stepwise CSI acquisition scheme
· Step 1 CSI acquisition
Fig. 2 shows some of the requirements for stepwise CSI acquisition scheme. As discussed above, coarse CSI such as long-term/wideband CSI and partial CSI is obtained in the 1st step. It is very important that eNB acquire coarse precoder information in this step. It may be also beneficial to get inter-cell interference and multi-user pair selection related information, although detailed design can be further discussed. On the other hand, MCS selection may not be necessary in some cases, since final precoder may not be determined in this step. Conventionally, this step is typically realized by periodic CSI report using PUCCH. 
· Step 2 CSI acquisition
Finer CSI is obtained in this step such as short-term/subband CSI. One of the fundamental components of this step is to acquire additional precoder information such as fine PMI or co-phasing on top of initial information, which is determined in step 1. Typical implementation of the step can be UE-specific CSI-RS based scheme. It is very important to support aperiodic CSI-RS (A-CSI-RS) in order to reduce CSI-RS overhead, computational complexity and battery consumption at UE, where detailed discussion is found in our companion contribution [2]. Another potential enhancement can be utilization of 2D codebook. For Rel. 13 EBF/FD-MIMO, Rel. 13 class A 2D codebooks are not available for class B (K=1). However, as far as we understand, there is no strong reason to restrict usage of Rel. 13 class A 2D codebooks. We can consider supporting measurement restriction for class A CSI reporting or supporting class A 2D codebook for class B.
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Figure 2: Requirements for stepwise CSI acquisition scheme
Proposal 1: 1st step CSI acquisition for hybrid scheme should be optimized for coarse CSI acquisition, e.g.,
· Coarse precoder information feedback
· No feedback on CQI related information
Proposal 2: 2nd step CSI acquisition for hybrid scheme should be optimized for fine CSI acquisition, e.g.,
· Aperiodic CSI-RS transmission [2]
· Fine precoder information
· CQI related information
· Support of Rel. 13 class A 2D codebook together with potential codebook in Rel. 14
In Rel. 13 CSI reporting, this hybrid scheme can be implemented with two CSI processes for each step. There is an option to make it as a single CSI process, which includes two different CSI reporting. However, it may have a risk to limit flexibility of operation for the hybrid scheme. It can be considered only when some strong motivation is identified.
Proposal 3: Unified CSI process for hybrid scheme can be introduced, only if its necessity is identified.
[bookmark: _GoBack]Summary
In this contribution, In this contribution, we discussed CSI reporting mechanism to suport joint utilization of CSI reporting. Based on the discussion, we made the following proposals.
Proposal 1: 1st step CSI acquisition for hybrid scheme should be optimized for coarse CSI acquisition, e.g.,
· Coarse precoder information feedback
· No feedback on CQI related information
Proposal 2: 2nd step CSI acquisition for hybrid scheme should be optimized for fine CSI acquisition, e.g.,
· Aperiodic CSI-RS transmission [2]
· Fine precoder information
· CQI related information
· Support of Rel. 13 class A 2D codebook together with potential codebook in Rel. 14
Proposal 3: Unified CSI process for hybrid scheme can be introduced, only if its necessity is identified.
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Appendix
A.    Hybrid Scheme with class B (K>1) + class B (K=1)
Following steps and Fig. A show BF CSI-RS based hybrid schemes. 
· Step 1A: eNB transmits multiple BF CSI-RSs to cover entire cell (beam selection: class B (K>1))
· Step 1B: UE selects a preferred beam and feeds back as a CRI
· Step 2A: eNB transmits CSI-RS beamformed by the selected beam (UE-specific BF CSI-RS: class B (K=1))
· Step 2B UE feeds back CSI, which is derived based on the UE-specific BF CSI-RS
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Figure A: Class B based hybrid scheme
We apply a stepwise CSI acquisition scheme using cell-specific and UE-specific BF CSI-RSs as detailed procedure shown above and in our previous contribution [3]. For beamformed CSI-RS based scheme with a large number of TXRUs, it is very important to reduce the CSI-RS overhead. For this reason, cell-specific BF CSI-RSs can be transmitted less frequently and utilized for tracking long-term and wideband channel characteristics. In addition, multiple CSI-RSs are transmitted after beamforming (virtualization) and require less CSI-RS overhead compared to full-port CSI-RS transmission. Additionally, in the 2nd step, UE-specific BF CSI-RS is transmitted only towards selected beam direction and also achieves to reduce CSI-RS overhead. This scheme can be advantageous in terms of the flexibility to different eNB antenna configurations by introducing beamforming (virtualization) in the 1st step. In addition, beamforming gain can be obtained in the 1st step. This will be very beneficial for higher frequency operation. 
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