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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 RAN1#82, the CSI reporting with PMI for Rel.13 FD-MIMO has been agreed [2], where the periodic CSI reports are described as
· 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
In our companion contribution [3], a parameterized dual-stage codebook has been proposed to deal with various antenna port layouts. The corresponding codebook size is no more than 13bits with the size of W2 being the same as the legacy codebook. In this contribution, we discuss the enhancement of periodic feedback for CSI reporting class A on PUCCH.
2. Discussion
The CSI feedback on PUCCH aims at reporting periodically with limited payloads (i.e. no more than 11bits per report). For class A, we proposed to maintain the 11bits limitation to avoid overly modifying the legacy PUCCH [4]. As mentioned above, the existing Rel.12 modes, 1-1 and 2-1, are used to support P-CSI modes. In this section, we propose the candidate P-CSI reporting modes extensions for FD-MIMO.
1.1. Mode 1-1
In Rel-12, the PUCCH mode 1-1 belongs to the wideband PMI/CQI feedback. The CSI report consists of two reporting types, where RI is jointly encoded with PMI1 (PUCCH reporting type 5). For the parameterized codebook, the size of W1 increases by up to 5bits compared with the legacy one. Therefore, the current reporting type 5 has to be divided to fulfill the 11bits payload. Moreover, for the Kronecker Product based codebook structure, we have shown that the vertical CSI varies much slower than the horizontal CSI [5]. Therefore, it is reasonable that two PMIs (H-PMI1 and V-PMI1) are separately reported for W1 at different feedback rates. In this way, we prefer to define a new reporting type by jointly encode RI with V-PMI1. To guarantee the RI coverage, the codebook subsampling may be adopted to further decrease the size of V-PMI1. And the following PUCCH mode 1-1 including 3 reports is proposed:

· The 1st report: RI jointly encoded with V-PMI1

· The 2nd report: H-PMI1

· The 3rd report: wideband CQI jointly encoded with PMI2
Figure 1 depicts the time sequence of PUCCH reporting mode 1-1. The reporting interval of RI/V-PMI1 report is an integral multiple 
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Figure 1: Extended PUCCH reporting mode 1-1
Proposal:

· Consider the proposed 3 reports based PUCCH reporting mode 1-1
1.2. Mode 2-1
The PUCCH reporting mode 2-1 is designed for the sub-band PMI/CQI feedback. Considering the parameterized codebook, the codebook size of W1 is no more than 9 bits. Therefore, the wideband W1 could be reported by jointly encoding V-PMI1 and H-PMI1 when PTI=0. In addition, as the codebook size of W2 is unchanged, the corresponding PMI2 related reporting types of PUCCH reporting mode 2-1 of Rel-12 could be reused. And the time sequence could also be retained. We propose the extended PUCCH mode 2-1 as follows:
· The 1st report: RI jointly encoded with PTI
· The 2nd report: depends on the PTI value, either reports
· PTI=0: V-PMI1 jointly encoded with H-PMI1
· PTI=1: wideband CQI jointly encoded with PMI2
· The 3rd report: depends on the PTI value, either reports
· PTI=0: wideband CQI jointly encoded with PMI2
· PTI=1: sub-band CQI jointly encoded with PMI2
Proposal:

· Consider V-PMI1 and H-PMI1 jointly encoded wideband W1 report for  PUCCH reporting mode 2-1
1.3. Reporting type priority
Since new PUCCH reporting types are defined as discussed above, the corresponding type priority and dropping rules among FD MIMO CSI reports are required to be determined. We have the following proposal:
Proposal:

· RI (or any variant of RI) report has the highest priority

· H-PMI1 (or any variant of H-PMI1) report has higher priority than wideband CQI /PMI2 report
· Sub-band CQI/ PMI2 report has the lowest priority
In case of collision of CSI reports, the CSI report with lower priority is dropped.
3. Conclusions
In this contribution, the periodic CSI reports for class A on PUCCH are discussed considering the parameterized codebook. The extension of PUCCH reporting mode and the corresponding reporting type priority/dropping rules are proposed as follows:
Proposal:

· Consider the proposed 3 reports based PUCCH reporting mode 1-1
· Consider V-PMI1 and H-PMI1 jointly encoded wideband W1 report for  PUCCH reporting mode 2-1
· Consider the following  CSI report priorities:
· RI (or any variant of RI) report has the highest priority

· H-PMI1 (or any variant of H-PMI1) report has higher priority than wideband CQI/ PMI2 report
· Sub-band CQI /PMI2 report has the lowest priority
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