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1 Introduction

Acquisition of CSI by the eNB is indeed an important issue that should be considered in order to support EB/FD-MIMO features for LTE. In RAN1 #82, some agreements relating to CSI reporting types and feedback modes have been made. The agreements include the following [1]:
	Agreements:
· For Rel. 13 EB/FD-MIMO,

· Notify RAN2 a summary of the contents of the following slides

· Note: CSI reporting mode is only associated with frequency granularity of CQI and PMI

· Specify extension of Rel.12 PUSCH based A-CSI reporting modes for FD-MIMO as follows:

· Supported A-CSI modes with PMI are the existing Rel.12 modes :

· 1-2, 2-2, 3-1, and 3-2

· Content of A-CSI reporting may depend on codebook-related parameters and CSI reporting class

· CQI, RI, PMI reported according to CSI reporting mode definition

· Size of base CQI and RI remains the same as Rel.12
· Note: Base CQI size per CW is 4 bits
· Exact PMI size and contents for class A is FFS

· Exact PMI size and contents and/or beam selection indication for class B FFS

· Details on additional CSI parameters (if supported) for class A and B are FFSRRC configuration details of these modes are FFS

· Specify extension of Rel.12 PUCCH based P-CSI reporting modes for FD-MIMO as follows:

· Supported P-CSI modes with PMI are the existing Rel.12 modes:

· 1-1, 2-1

· Submodes of mode 1-1 (if any) FFS

· Content of P-CSI reporting may depend on the submode (if any), codebook-related parameters and CSI reporting class

· CQI, RI, PMI reported according to CSI reporting mode definition

· Size of base CQI and RI remains the same as Rel.12
· Note: Base CQI size per CW is 4 bits
· Exact PMI size and contents for class A is FFS

· Exact PMI size and contents and/or beam selection indication for class B FFS

· Details on additional CSI parameters (if supported) for class A and B are FFSNew CSI reporting types are possible

· RRC configuration details of these modes are FFS
· Rel. 12 CSI reporting modes without PMI are by default supported
· FFS: Enhancement for Rel. 13



In this contribution, we provide some of our views on CSI reporting for both reporting class A (non-precoded CSI-RS) and class B (Beamformed CSI-RS). In particular, due to the limited container sizes for PUCCH-based periodic CSI reporting, a completed CSI report is reported using multiple inter-dependent subframes, where the content of PUCCH CSI report in one subframe (which is consisted of one or more CSI parameters) is defined as a reporting type. We will discuss the new reporting types that can be introduced to support FD-MIMO feature in Rel-13.
2 CSI Reporting Class A
For FD-MIMO schemes with non-precoded CSI-RS wherein the total number of antenna ports can be as large as 12 or 16, a new precoder codebook structure for 2D antenna array has been agreed in RAN1 #82bis. Aligned with the legacy codebook defined in Rel-10, the precoder is a matrix product written as W1W2. In order to capture the channel characteristics of a 2D antenna array for FD-MIMO, Kronecker product of beam groups corresponding to the two dimensions of the rectangular array is adopted to construct the block diagonal submatrices of W1, so we have [2]:
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Note that X1 and X2 represent beam direction subsets for the two dimensions (horizontal and vertical) of the rectangular planar antenna array. Thus, at odds with the legacy codebook which is defined by two PMIs only, the new precoder for FD-MIMO CSI reporting class A is defined by three PMIs: i11, i12 and i2, where i11 and i12 represent the beam group indices of X1 and X2 respectively, while i2 is used for beam selection (out of W1) and co-phasing between polarizations. 
In order to support the new CSI parameters such as i11 and i12 in periodic feedback, new reporting types can be introduced. However, since this is expected to continue using PUCCH format 2 (the maximum payload size of which is 11 bits) for periodic CSI reporting in Rel-13, this is desirable to minimize specification impacts by not to introduce too many new reporting types. 

On the other hand, many previous contributions have shown that, the variation rates and angular spreads for the two dimensions of the antenna array can be very different. For instance, channel variation in the horizontal domain is anticipated to be much more drastic as compared to channel variation in the vertical domain in several deployment scenarios. Hence, from an efficiency point of view, this is more reasonable to periodically report the PMI corresponding to the dimension with faster channel variation, while the PMI corresponding to the relatively static dimension should be reported only when it is needed or changed. This would lead to a more efficient CSI reporting mechanism that fully utilizes the channel characteristics.

Based on the discussions above, we propose two alternatives for CSI reporting class A. In all cases, we illustrate the examples by assuming i11 represents the wideband PMI that changes faster, and i12 represents the wideband PMI that is relatively static. The definitions of i11 and i12 can be configured by RRC signalling.
Alternative 1
Here we reuse the structure of reporting type 6 (RI+PTI) to indicate whether both i11 and i12 are reported or only i11 is reported. To avoid confusion with original PTI definition, the notation PTI2D is used.
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Figure 1: An illustration of the proposed PUCCH-based CSI reporting for Class A.
In Figure 1, the usage of PTI2D is clearly shown. When PTI2D = 0, only one of i11 and i12 is reported, and the eNB would assume that the unreported PMI remains the same as its preceding report; when PTI2D = 1, both i11 and i12 are multiplexed and reported in the same subframe. In this proposed scheme, at most two new reporting types have to be introduced, namely: 

· Type 6a report supports RI and PTI2D feedback
· Type 7 report supports wideband PMIs i11 and i12 feedback
Note that the number of bits required for i11 and i12 are dependent on the RRC configured parameters such as O1 and O2 (codebook oversampling factors), subsampling over codebook can be applied if the total number of bits for i11 + i12 exceeds the container size of PUCCH format 2 (i.e. 11 bits).
Alternative 2
To further reduce specification impacts, another alternative is to let the PMI feedback of the relatively static dimension (as an example, i12 in this contribution) to be totally relied on PUSCH-based CSI reporting. That is, feedback of i12 is conveyed by Aperiodic CSI reporting only, and therefore no new reporting types are introduced for PUCCH-based CSI feedback. An illustrative example is shown in Figure 2:
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Figure 2: An illustration of CSI reporting for Class A where the one of the PMIs for the two dimensions is reported in Aperidic feedback only.
In this scheme, i12 reporting only occurs when the aperiodic CSI report is triggered by the eNB (e.g. for PDSCH transmissions that require more accurate precoding information). Since i12 is presumed to be relatively static, CQI derivation for subsequent PUCCH reporting can be based on i12 that has been reported in the last triggered aperiodic feedback. 
Proposal 1:
One of the following alternatives can be considered for CSI reporting of Class A:

Alt. 1 – Use a PTI-like report to indicate whether both i11 and i12 are reported in the subsequent subframe, or only of these is reported in the subsequent subframe. A new reporting type that multiplexes i11 and i12 has to be introduced.
Alt. 2 – One of i11 and i12 is only reported using Aperiodic CSI in PUSCH. 

3 CSI Reporting Class B

For beamformed CSI-RS, it has agreed that a CSI process should be configured with K≥1 CSI-RS resources. When K>1, the UE should measure and select one of the K configured CSI-RS resources, and then report the selection as well as its corresponding CSI. Therefore, apart from conventional CSI parameters such as RI, PMI, and CQI, the UE should further report CRI (CSI-RS index indicator) or previously known as BI (Beam index). This is depicted in Figure 3.
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Figure 3: An illustration of CSI Reporting Class B with K>1.

Since each of the configured CSI-RS resource generally corresponds to a particular beam direction, which is a wideband channel property that does not change as rapidly as PMI and CQI, this is reasonable to set the reporting period for CRI at least equal to or larger than that for RI. Thus, we suggest introducing one of the following reporting types for Class B with PUCCH-based feedback:
· A reporting type that supports CRI (BI) and RI feedback
· A reporting type that supports CRI (BI) feedback
The illustrative example based on these proposed reporting types are shown in Figure 4:
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Figure 4: Illustrations of reporting types associating to CRI (BI) for CSI reporting class B.

Proposal 2:

For Reporting Class B, the reporting periodicity for CRI (also known as BI) should be at least equal to or larger than that for RI in PUCCH-based periodic feedback.
4 Conclusions
This contribution provided our views on CSI reporting for FD-MIMO with following proposals:
Proposal 1:

One of the following alternatives can be considered for CSI reporting of Class A:

Alt. 1 – Use a PTI-like report to indicate whether both i11 and i12 are reported in the subsequent subframe, or only of these is reported in the subsequent subframe. A new reporting type that multiplexes i11 and i12 has to be introduced.
Alt. 2 – One of i11 and i12 is only reported using Aperiodic CSI in PUSCH. 

Proposal 2:

For Reporting Class B, the reporting periodicity for CRI (also known as BI) should be at least equal to or larger than that for RI in PUCCH-based periodic feedback.
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