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1. Introduction
In RAN#68 meeting, the FD MIMO WI was approved with the following objectives on CSI reporting [1]:
· Specify enhancements on CSI reporting in the following areas

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

For non-precoded CSI-RS, new codebooks have to be designed to support 12 and 16 CSI-RS ports. The size of these codebooks tends to be much larger than that of the Rel-12 4/8Tx codebook, which leads to the increased CSI overhead. Hence, the legacy Rel-12 CSI reporting mechanism needs to be extended to afford the larger feedback payload. In this contribution, we discuss the enhancement of periodic CSI reports for non-precoded CSI-RS on PUCCH.
2. Discussion
In LTE, the CSI could be reported periodically or aperiodically. The CSI feedback on PUCCH aims at reporting periodically with limited payloads (i.e. no more than 11bits per report). For non-precoded CSI-RS, we prefer to maintain the 11bits limitation to avoid overly modifying the legacy PUCCH. This requirement would be satisfied with the following two candidate schemes.
1.1. Codebook subsampling
In Rel-12, codebook subsampling is adopted for PUCCH mode 1-1 and 2-1 with 8 CSI-RS ports. Therefore, within the payload limitation, PMI1 could be jointly encoded with RI (PUCCH reporting type 5) or with PMI2/CQI (PUCCH reporting type 2c), and PMI2 are jointly encoded with CQI (PUCCH reporting type 1a/2b). Extended from the legacy 8Tx codebook, the codebooks for 12 and 16 ports are expected to have the similar dual-stage structure. If the size of either W1 or W2 of the new codebook is no more than that of the legacy 8Tx codebook, these PUCCH reporting modes can be reused. 
Obviously, the codebook size grows with the antenna port number. For 12 and 16 CSI-RS ports, codebook subsampling becomes quite important to control the codebook size. According to our proposed parameterized 2D codebook structure [3], reusing legacy W2 alleviates the design efforts on PUCCH. Therefore, the focus would be concentrated only on the PMI1 subsampling. Further, even with the codebook subsampling, the inevitable increasing of W1 makes it appropriate to define certain new PUCCH reporting type for PMI1. The reason is that larger size of W1 will cause the RI decoding performance degradation when RI and PMI1 are jointly encoded.
Proposal:

· Maintain the 11bits PUCCH payload limitation using codebook subsampling.
1.2. Extend Rel-12 PUCCH reporting modes
For the new 12 or 16 ports codebook, W1 is usually assumed to be constructed by the Kronecker product of the horizontal precoder and the vertical precoder. We have shown that the vertical CSI varies much slower than the horizontal CSI [2]. Therefore, it is reasonable that two PMIs (H-PMI1 and V-PMI1) are separately reported for W1 at different feedback rates. This implies defining a new PUCCH reporting type for V-PMI1. V-PMI1 may be jointly encoded with RI or be reported individually or be combined with other CSI quantities. In addition, the legacy PUCCH reporting type for PMI2 are all jointly encoded with CQI, which achieves the upper bound of the 11-bits payload. With larger size of W2, PMI2 has to be separated from CQI by employing new reporting types.
If these new PUCCH reporting types are introduced, extension of Rel-12 PUCCH reporting modes becomes necessary. For example a wideband feedback candidate is shown in Figure 1, where V-PMI1 is jointly encoded with RI. Accordingly, the corresponding type priority and dropping rules among FD MIMO CSI reports and among FD MIMO CSI vs. legacy CSI reports in CoMP scenarios are required to be determined. For example, V-PMI1 has higher priority than H-PMI1 (or any variant) and PMI2 (or any variant). 
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Figure 1: PUCCH reporting mode extension
Proposal:

· New PUCCH reporting types may be introduced such as V-PMI1 or PMI2.
· The corresponding priority and dropping rules need to be defined.
3. Conclusions
In this contribution, the periodic CSI reports for non-precoded CSI-RS on PUCCH are discussed considering the codebook subsampling and the reporting modes extension. We have the following conclusions:
Proposal:

· Maintain the 11bits PUCCH payload limitation using codebook subsampling.

· New PUCCH reporting types may be introduced such as V-PMI1 or PMI2.

· The corresponding priority and dropping rules need to be defined.
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