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1 Introduction

The WI of EB/FD-MIMO for LTE has commenced in RAN1 #82, and some agreements relating to CSI reporting types and feedback modes have been made. Specifically, 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 FFS
· RRC 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 FFS
· New 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 non-precoded CSI-RS schemes. In particular, we discuss how multiple PMIs corresponding to different dimensions (as required for precoder codebook based on Kronecker Product) can be reported for non-precoded CSI-RS schemes in a more efficient manner.
2 PMI Reporting for Non-Precoded CSI-RS Schemes
In FD-MIMO with non-precoded CSI-RS cases, the number of antenna ports in a 2D antenna array can be as large as 8, 12 or 16. It has been generally agreed that the precoder W for FD-MIMO is constructed as a matrix product of W1W2, which is aligned with the precoder design for 8-ports cases in Rel-10. In order to capture the channel characteristics of a 2D antenna array, Kronecker product of beam groups corresponding to horizontal and vertical dimensions has been agreed to construct the block diagonal submatrices of W1, which is can be written as:
[image: image5.wmf]ú

û

ù

ê

ë

é

Ä

Ä

=

'

2

'

1

2

1

1

0

0

l

k

l

k

X

X

X

X

W


Note that X1 and X2 represent beam direction subsets for the two dimensions (horizontal and vertical) of the rectangular planar antenna array. As the total number of antenna ports increases, the codebook size has to be enlarged in order to properly capture the overall spatial channel status. This implies a need to expand the PUCCH payload size to multiplex precoder information for both dimensions, which may affect the code rate and hence the overall performance. Alternatively, we may allow the UE to separately report the information relating to X1 and X2 in different time instances, so legacy PUCCH structure can be retained. 
Based on such setting, this is worth noting that the angular spread in elevation domain is much smaller than that in azimuth domain, and the time-variation of vertical beam group (dubbed as V-PMI) can be much slower than the horizontal beam group (dubbed as H-PMI). This can be very inefficient if both PMIs are reported at the same rate if one of the PMIs does not fluctuate much over time. Therefore, it is more efficient to report H-PMI and V-PMI that correspond to X1 and X2 with different periodicities. In general cases, V-PMI can be reported at lower rate than the H-PMI. In order to do so, we may introduce a new CSI reporting type that dedicates to the beam group index for the addition dimension (V-PMI, for instance), and the reporting period of which is depending on the existing reporting type for long-term PMI.
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Figure 1: Different reporting periods for H-PMI and V-PMI.

Proposal 1: Introduce new CSI reporting types relating to vertical dimension PMI, and the reporting period of which can be specified to be longer than the existing CSI reporting types for long-term PMI.
Furthermore, we may also consider a relatively flexible case in which the V-PMI reporting is aperiodically triggered while H-PMI is periodically reported. To be specific, reporting of V-PMI can be occurred as an autonomous behaviour of the UE. For example, V-PMI is reported only when the derived CQI drops below a certain threshold level. This concept is illustrated in Figure 2. Such behaviour can be captured if we introduce a new reporting type akin to PTI, which indicates that whether a V-PMI will be reported in the next PUCCH session. This naturally leads to an aperiodic reporting mechanism for V-PMI. The reporting of V-PMI could also be triggered by the network side, but this also requires specification changes in downlink control signalling.
Proposal 2: Aperiodic Feedback for V-PMI can be supported by introducing new PTI-like reporting types that indicates whether a V-PMI will be reported. 
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Figure 2: Aperiodic reporting for V-PMI.
3 Conclusions
In this contribution, we provide our views on potential new reporting types for FD-MIMO based on non-precoded CSI-RS and suggest the following proposals:
Proposal 1: Introduce new CSI reporting types relating to vertical dimension PMI, and the reporting period of which can be specified to be longer than the existing CSI reporting types for long-term PMI.
Proposal 2: Aperiodic Feedback for V-PMI can be supported by introducing new PTI-like reporting types that indicates whether a V-PMI will be reported. 
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