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Introduction
At the RAN1 #82 meeting, CSI reporting related issues were discussed. And the following was agreed in [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 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 further discuss the remaining issues related to CSI reporting modes and feedback types.
CSI Reporting Mode and Reporting Type Enhancement
Based on the agreements made at the RAN1#82 meeting, all existing CSI reporting modes specified in Rel. 12 for periodic CSI feedback and aperiodic CSI feedback shall be supported. CSI reporting modes with PMI feedback shall be extended in order to support elevation beamforming and FD-MIMO. More specifically, for class A, feedback mode extension aims at supporting feedback of new 2D codebooks for [8], 12 and 16 CSI-ports; for class B, feedback mode extension aims at supporting beam selection information feedback. Note that it was also agreed that legacy CSI reporting mode without PMI feedback shall be supported by Rel. 13 FD-MIMO too. The motivation is to support TDD based operations. 
In the legacy LTE system, CSI reporting with PMI feedback contains information of RI, PMI and CQI. As the double codebook structure, i.e., W = W1W2 was introduced in LTE, the PMI feedback is then designed to contain two parts, i.e., a first PMI which is used to feedback the index for W1 selection and a second PMI which is used to feedback the index for W2 selection. 
Based on the ongoing discussion on the 2D codebook design for class A, the W1 is formed based on the Kronecker product of a horizontal beam group and a vertical beam group. According to our accompanying contribution [2], it is preferred to consider the following candidate W1 structures.
· Alt 1: 
· Alt 2: 
If Alt 1 is chosen, then it is straightforward that the first PMI used in the legacy LTE system shall be further extended to include an index for horizontal beam group, e.g., m1 and an index for vertical beam group, e.g., m2, or vice versa. If Alt 2 is chosen, the above extension is still feasible, with the help of some additional configuration signalling to forbid some combinations of m1 and m2. It is also possible to encode m1 and m2 into a single index which is equivalent to the legacy first PMI. However, it shall be checked whether the legacy first PMI feedback can accommodate the payloads for both m1 and m2 feedback. Based on the current evaluation of the 2D codebook, the necessary payload size for  could be 6 bits, 7 bits or more. Considering the periodic CSI feedback on PUCCH, it is desired that the overall PUCCH payload size shall not be increased. Then it seems that accomodating both m1 and m2 feedback in a single first PMI feedback not always feasible. For example, in the CSI type 2c report in PUCCH Mode 1-1 submode 2, wideband CQI, first PMI and second PMI are reported. For RI>1, 7 bits are already occupied by CQIs for two codewords, and 4 bits are needed to pack both first PMI and second PMI, which is not possible, even with codebook sub-sampling. Then in this case, a new CSI feedback type is needed to accommodate the 2D codebook feedback. And it seems not always useful to pack the m1 and m2 feedback into a single PMI in order to try to reuse the legacy first PMI. Based on the above analysis, we have the following observation.
Observation: For class A CSI report on PUCCH, m1 and m2 are used for  feedback, and they can be reported seperately, where
 or  .
While the class A CSI measurement and feedback scheme is closely related the the legacy LTE codebook based feedback scheme, the class B is quite new. Based on our accompanying contribution [3], a statically configured beamformed CSI-RS scheme shall be supported, which means that K beamformed CSI-RS resources are configured for a class B CSI-process with Nk ports per each beamformed CSI-RS resource. The feedback requirements for such a scheme include a beam index (BI) to report the beam selection result and legacy CSI feedback for Nk ports, including RI, PMI and CQI, which are associated with the selected beam. If Nk belongs to a legacy port number, e.g., 2, 4 and 8, then the RI/PMI/CQI report is fully based on the legacy LTE CSI feedback. The static configured beamformed CSI-RS scheme for class B may just need to support a new BI feedback. Based on this analysis, we make the following proposal.
Proposal 1: Rel. 13 feedback modes shall support a new beam index feedback for class B.
For static configured beamformed CSI-RS scheme, the RI/PMI/CQI feedback is based upon the beam selection. Therefore, the beam selection operation shall assume a larger time and frequency granularity than any of the RI, PMI selection and CQI calculation. In that sense, beam index feedback shall be wide-band and long-term. Considering the CSI feedback on PUCCH, new CSI report type needs to be introduced to contain the beam index. According to the analysis above, it is possible to either define a new feedback type which only contains beam index, or define a new feedback type which contains a beam index and at least a RI.
Proposal 2: New CSI report types are introduced for class B CSI report on PUCCH, with the following candidates:
· A new CSI report type which only contains a beam index.
· A new CSI report type which contains a beam index and at least a RI in addition.
Summary
In this contribution, we discussed the CSI feedback issues. Based on our analysis, the following observations and proposals can be made.

Observation: For class A CSI report on PUCCH, m1 and m2 are used for  feedback, and they can be reported seperately, where
 or  .
Proposal 1: Rel. 13 feedback modes shall support a new beam index feedback for class B.
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· A new CSI report type which only contains a beam index.
· A new CSI report type which contains a beam index and at least a RI in addition.
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