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1 Introduction
In the LTE/LTE-A systems, there are two methods for obtaining CSI at transmitters, i.e., CSI feedback and channel reciprocity. In RAN1#80 meeting, five high level categories of potential CSI-RS and feedback enhancements were agreed and attached as follows
· Potential CSI-RS and feedback enhancements

· Enhancements related to beamformed CSI-RS-based schemes

· Enhancements related to non-precoded CSI-RS-based schemes

· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS

· Enhancements related to non-codebook based CSI reporting for TDD

· Enhancements related to SRS

Due to the last two categories are related to SRS enhancements, the related potential enhancements will be discussed in our companion contribution [1]. In this contribution, we focus on the discussion of framework for CSI feedback enhancements based on the non-precoded CSI-RS-based schemes and hybrid beamformed CSI-RS-based schemes.
2 The requirements of CSI feedback in EBF/FD-MIMO
In this subsection, we analyze the basic requirements for CSI feedback in EBF/FD-MIMO systems. At first, it is known that accurate CSI corresponds to better system performance with finer beamforming granularity and better intra-cell interference mitigation. However, CSI accuracy enhancement may require large CSI-RS and feedback overhead, especially with a large number of antennas in the EBF/FD-MIMO systems. Thus, the potential enhancements of CSI feedback should be a good trade-off between performance and feedback overhead.

Proposal 1: The potential CSI feedback enhancement should be a good trade-off between performance and overhead.
Secondly, in the EBF/FD-MIMO SI, different numbers of TXRUs are included, i.e., 8, 16, 32, and 64. For the cases of 8 and 16 TXRUs, the CSI-RS and feedback overhead seems acceptable, e.g., the CSI-RS overhead for 8 and 16 ports is only 0.9% and 1.9%, respectively [2], and one of the codebook design for 16 antenna ports in [4] keeps the same feedback overhead of Rel-10 8Tx codebook. Thus, the requirement of CSI feedback enhancement for 8 and 16TXRUs is to improve the accuracy of CSI measurement and feedback, e.g., taking into account the elevation CSI in the feedback framework. 
For the cases of 32 and 64 TXRUs, if the legacy framework of CSI-RS and feedback design is reused, the overhead will be obviously increased compared to the cases of 8 and 16 TXRUs. Thus, besides the CSI accuracy improvement, one of the basic requirements for the cases of 32 and 64 TXRUs is CSI-RS and feedback overhead reduction.  

Considering the different requirements for different number of TXRUs, the framework of CSI-RS and CSI feedback can be divided into two design directions, i.e., for 8 and 16 TXRUs, the non-precoded (full ports) CSI-RS and legacy CSI feedback framework with some enhancements on codebook and elevation dimension CSI feedback can be considered, and for 32 and 64 TXRUs, to reduce the CSI-RS overhead, the beamformed or hybrid beamformed CSI-RS-based scheme with overhead reduction will be a candidate. 

Observation 1: There are different requirements for the design of CSI-RS and CSI feedback for different number of TXRUs.
Proposal 2: According to the different requirements, the CSI-RS and CSI feedback for different number of TXRUs can be divided into two design directions, one for 8/16 TXRUs and another for 32/64 TXRUs.
3 CSI feedback framework enhancements for 8 and 16 TXRUs

As discussed in Subsection-2, the CSI-RS and feedback overhead for the cases of 8 and 16 TXRUs seems acceptable and the main requirement is the CSI accuracy enhancements. 
For the CSI-RS design for 8/16 TXRUs, the non-precoded (full ports) CSI-RS can be considered, i.e., each TXRU corresponds to a CSI-RS port. For 8 TXRUs, the legacy CSI-RS pattern for Rel-10 8Tx design can be reused. But, for 16 TXRUs, a new CSI-RS pattern should be designed for 16 ports, e.g., aggregate two 8-ports CSI resource to a 16-ports CSI resource, where the details can be found in [3].
With the full port CSI-RS, the legacy RI, PMI and CQI feedback framework can be reused, however, considering the impact of elevation dimension, a new codebook should be considered for 4H2V in the case of 8 TXRUs, where H stands for the horizontal antenna ports and V denotes the vertical antenna ports. A new codebook is also needed for different antenna ports configurations in the case of 16 TXRUs, e.g., 8H2V, 4H4V.  
One of the candidates for the codebook design is the two-stage codebook as follows, 
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 denote wide band/ long term and subband/ short term CSI, respectively. In the codebook design, the impact of elevation dimension should be taken into account, such as 
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 is the Kronecker product. The detailed codebook design scheme and performance evaluation are given in the companion contribution [4]. 

Proposal 3: For 8 and 16 TXRUs, the legacy CSI feedback framework but new codebooks for different antenna configurations can be considered.

4 CSI feedback framework enhancements for 32 and 64 TXRUs

Compared to the antenna configuration with 8 and 16 TXRUs, with the legacy CSI-RS and CSI feedback design, the overhead will increase obviously for 32 and 64 TXRUs. So, a new framework for CSI-RS and CSI feedback are needed to reduce the overhead.  In this subsection, we give a hybrid (hierarchical) beamformed CSI-RS-based CSI-RS and CSI feedback framework as shown in Figure 2. In the scheme, both CSI measurement and feedback are divided into two stages. 
As an example with 64 TXRUs, at the first stage, the non-precoded CSI-RS resource, i.e., CSI-RS-1, is used for the measurement of 8 co-polarized TXRUs in the dash circle. Based on CSI-RS-1, UE obtains the partial CSI and then feedback the RI-1 and PMI-1 (
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) to eNB, where the CQI is not needed at the first stage CSI feedback and
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 can be a legacy 8Tx codebook or a new designed codebook.
At the second stage, the eNB obtain the beamformed CSI-RS, i.e., CSI-RS-2, based on the PMI-1 from the first stage feedback. Then, eNB transmit the CSI-RS-2 to the UE for the CSI measurement. At last, based on CSI-RS-2, UE feeds back the RI-2, PMI-2 (
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) and CQI. 
With help of the Hierarchical beamformed CSI-RS-based scheme, the overhead of CSI-RS and CSI feedback will be reduced, e.g., only 8 CSI ports at the first stage and 8 CSI ports at the second stage for the case of 64 TXRUs. Furthermore, thanks to the first stage CSI measurement and feedback, the eNB can use the UE-specific channel direction and co-polarization information, which provide accurate precoding information for the beamformed CSI-RS.
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Figure 2. Beamformed CSI-RS based measurement and feedback scheme
Proposal 4: For 32 and 64 TXRUs, the hybrid (hierarchical) beamformed CSI-RS-based scheme can be a candidate for potential CSI feedback enhancements.
5 Conclusions

In this contribution, the potential enhancement for CSI feedback framework for EBF/FD-MIMO was discussed, and we have the following observation and proposals:

Observation 1: There are different requirements for the design of CSI-RS and CSI feedback for different number of TXRUs.
Proposal 1: The potential CSI feedback enhancement should be a good trade-off between performance and overhead.
Proposal 2: According to the different requirements, the CSI-RS and CSI feedback for different number of TXRUs can be divided into two design directions, one for 8/16 TXRUs and another for 32/64 TXRUs.
Proposal 3: For 8 and 16 TXRUs, the legacy CSI feedback framework but new codebooks for different antenna configurations can be considered.
Proposal 4: For 32 and 64 TXRUs, the hybrid (hierarchical) beamformed CSI-RS-based scheme can be a candidate for potential CSI feedback enhancements.
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