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1. Introduction
In the elevation BF/FD-MIMO SI discussion non-precoded CSI-RS and beamformed CSI-RS based transmission schemes have been extensively studied. Although the precoding of CSI-RS is up to eNB implementation and transparent to the specifications, these two categories of transmission schemes have major difference in terms of CSI feedback design. In this paper, we discuss potential enhancements on CSI types and reporting modes for both beamformed and non-precoded CSI-RS technologies for FD-MIMO. 
2. Design considerations for non-precoded CSI-RS
Periodic feedback

In periodic feedback design, a strong constraint on the CSI message design is the capacity of PUCCH format 2/2a/2b. It not only requires heavy standardization effort but is also less efficient to use PUCCH with larger capacity (either an enhanced PUCCH format 2/2a/2b with larger capacity or PUCCH format 3/4) for periodic CSI feedback. Therefore we propose to restrict the new periodic CSI report types to within the capacity of current PUCCH formats 2/2a/2b (11bits). 
Proposal-1: Consider not using new PUCCH format for FD-MIMO CSI feedback
The main impact from new 16Tx codebook is on PMI feedback while there is no strong need to enhance RI and CQI reports. Besides, it has been widely recognized that existing 8Tx W1/W2 PMI feedback framework can be extended to support 16Tx codebook. Therefore, a straightforward design methodology is to extend current periodic feedback report types with PMI (e.g. type 1a, 2, 2a, 2b, 2c, 5) to carry new W1 or W2 for 16Tx codebook. 
Proposal-2: Consider extending existing CSI report types with W1 and W2 to support 16Tx codebook 

Considering larger PMI payload resulting from 16 Tx codebook, it’s possible that some of the extended CSI type/s will exceed 11 bits. Such cases can be accommodated by redesigning the CSI report type framework, e.g. by splitting some report types into multiple smaller types. However this may require significant additional standardization effort on new message design. The simplest solution is to split the payload of the CSI reports (with >11 bits size) into multiple consecutive PUCCH report instances. In that case, one CSI report is mapped to multiple consecutive PUCCH assigned to one user. The periodicity and priority (in case collision) can be directly reused.
Proposal-3: If a CSI report exceeds 11 bits considering the PMI payload for 16Tx codebook, consider splitting the payload of one CSI report into multiple consecutive PUCCH instances


3. Design considerations for beamformed CSI-RS

Cell specific beamformed CSI-RS
Based on the simulation results in [2], we observe that a beam index (BI) feedback can provide more accurate beam selection information than RSRP based beam selection. Therefore introduction of a BI report is beneficial for beamformed CSI-RS based transmission schemes. BI could be jointly encoded with RI or as a new independent report type. 
As BI is used to select a beam, it should be changing at a slower rate than other feedback information. That is to say, BI should be the hypothesis of other reports including RI, PMI and CQI. In case BI is encoded independently, the BI report should have a larger or same periodicity compared to RI. For example, the periodicity of BI report could be: 
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Proposal-4: Define a BI report as part of CSI feedback to support beamformed CSI-RS. 

Proposal-5: UE shall calculate rank based on the last reported BI 

Proposal-6: For periodic feedback, a BI report should have the same or larger periodicity than RI. 

UE specific beamformed CSI-RS
In RAN1#82b, W2 only codebook was defined to provide antenna selection codebook for UE specific beamformed CSI_RS. The main impact to feedback message is that we don't need to feedback any W1. To simplify the effort, the most straight forward design is to reuse the 8Tx W1* W2 feedback structure with omitting the W1 feedback. However, that might bring us some special case to handle, e.g. how to handle the case when PTI is triggering the W1 feedback. Another alternative is to directly reuse legacy 4Tx feedback framework. That is to say, the 4Tx PMI is used to feedback W2, thus all the related PMI messages shall be reused. 
Proposal-7: Re-use existing feedback message types with legacy 4Tx PMI information for W2 only feedback. 
4. Conclusion
In this contribution, we presented our views regarding some of the potential enhancements for FD-MIMO summarized in the following observations and proposals:
 Proposal-1: Consider not using new PUCCH format for FD-MIMO CSI feedback
Proposal-2: Consider extending existing CSI report types with W1 and W2 to support 16Tx codebook
Proposal-3: If a CSI report exceeds 11 bits considering the PMI payload for 16Tx codebook, consider splitting the payload of one CSI report into multiple consecutive PUCCH instances
Proposal-4: Define a BI report as part of CSI feedback to support beamformed CSI-RS. 

Proposal-5: UE shall calculate rank based on the last reported BI 

Proposal-6: For periodic feedback, a BI report should have the same or larger periodicity than RI. 

Proposal-7: Re-use existing feedback message types with legacy 4Tx PMI information for W2 only feedback.
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