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1 Introduction

In the last few meetings, there has been extensive discussion on enhancements relating to beamformed CSI-RS for SI of EBF/FD-MIMO. Based on [1], potential schemes for non-precoded CSI-RS are captured in the TR as following:
This category comprises schemes where different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage. In this category, a CSI reporting scheme is associated with at least two components: codebook(s) for the purpose of PMI reporting of 2-D antenna arrays and its associated CSI reporting modes. Each precoding matrix or vector within a codebook for CSI reporting can be described as W = W1W2 where W is used as a downlink transmission hypothesis for CSI calculation at a UE. For this dual-stage precoding structure, a potential specification enhancement on CSI reporting consists of the following CSI parameters:

· PMI(s) corresponding to W1 and/or W2. Here one or multiple PMIs, such as H-PMI (horizontal dimension) and V-PMI (vertical dimension), are reported for W1 and W2, respectively. If multiple PMIs are reported, different reporting rates and/or granularities for different PMIs may or may not be used.  

· RI: a single RI or multiple RIs

· CQI

Several examples of hypothesized precoding matrix structure of the above scheme can be described as follows. 

Scheme 1, Kronecker Product (KP) type codebook: In this example, the precoding matrix W is extended from Rel.10/12 to support 2-D array where W1 can be described as follows: 
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Here ( denotes the Kronecker product and the two sub-matrices represent two polarization groups. The columns of 
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 are taken from a DFT matrix. A precoding codebook associated with W2 can follow one the following alternative designs:

· The precoding matrix or vector W2 corresponds to a quantized co-phasing between two polarization groups in W1 and may also include column selection from W1. 

· The precoding matrix or vector W2 performs linear transformation to W1 per polarization, which may include beam selection, weighted linear combination of beams. 

· The precoding matrix or vector W2 performs distinct selection of beams per layer and/or per polarization, and quantized co-phasing between two polarization groups.

Scheme 2: This scheme follows scheme 1 yet with a further constraint of 
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 to W1. That is, the two sub-matrices of W1 are identical.
Scheme 3: The codebook associated with W1 contains only the identity matrix. In this case, the associated PMI(s) correspond to recommendation(s) of W2 . In addition, RI, and CQI conditioned on precoding matrix hypothesis W are reported.

Scheme 4: The precoding matrix or vector W1 performs selection of antenna ports. 
This contribution provides some of our views in PMI reporting for non-precoded CSI-RS scenarios. 
2 PMI Reporting
In non-precoded CSI-RS cases, the number of antenna ports in 2D antenna array can be large and hence may cause unacceptable overheads on reference signals configurations and CSI reporting. Due to a potentially much larger number of antenna ports in FD-MIMO, the current specification in Rel-12 (where the max. number of antenna ports is 8) may not be sufficient. In particular, a precoder codebook with a much higher resolution is needed to properly capture the channel status if the maximum number of antenna ports is increased from 8 to 32 or even 64, which results in a significant specification impact on codebook design. On the other hand, as orthogonal resources are required for channel measurement of multiple antenna ports, reference signals allocation for a large number of antenna ports may consume a great portion of resource elements, which is apparently not efficient. 

In order to reduce efforts on design of new codebook and feedback mechanisms, the eNB may alternatively configure two independent sets of CSI-RS resources for channel measurements corresponding to horizontal and vertical dimensions of the 2D antenna array respectively. In such set up, each CSI-RS port for horizontal dimension is mapped to a set of TXRUs comprising a column; similarly, each CSI-RS port for vertical dimension is mapped to a set of TXRUs comprising a row. Such CSI-RS antenna port virtualization is illustrated in Figure 1.
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Figure 1: Independent CSI-RS configuration for CSI measurements corresponding to horizontal and vertical dimensions.

Once both horizontal and vertical CSI are derived by the UE, this information can be reported to the eNB for it to derive the composite RI, PMI and CQI corresponding to the 3D channel. In particular, the PMI can be computed as the Kronecker product of horizontal and vertical PMIs. Note that precoder codebook for horizontal and vertical CSI can be different due to disparate channel characteristics.

Moreover, since the angular spread in elevation domain is much smaller than that in azimuth domain, the time-variation of vertical PMI (V-PMI) can be much slower than the horizontal PMI (H-PMI). This can be very inefficient if both PMIs are reported at the same rate if one of the PMIs does not fluctuate over time. Therefore, the reporting periodicities for H-PMI and V-PMI can be configured differently. In particular, V-PMI can be reported at lower rate than the H-PMI. This could be implemented using CSI process defined for TM10, since the reporting periodicities for the multiple CSI processes are independently configured.
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Figure 2: Different reporting periods for H-PMI and V-PMI.

Moreover, we may also consider a more flexible case where V-PMI reporting is aperiodically triggered while H-PMI is periodically reported. To be specific, reporting of V-PMI occurs only when a request from the eNB is received by the UE, or for example, when the CQI drops below a certain threshold level.
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Figure 3: Periodic reporting for H-PMI and aperiodic reporting for V-PMI.
Proposal: When Kronecker Product approach is applied, V-PMI can be configured with a lower reporting rate than H-PMI. Alternatively, V-PMI can be reported aperiodically while H-PMI is reported periodically. 
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