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Introduction
In RAN1#81, the study of performance and feasibility of elevation beamforming and full-dimensional (FD) MIMO [1] was completed.  It has been concluded that [2]  
· Non-precoded, beamformed and hybrid CSI-RS based schemes demonstrate significant throughput gain in realistic non-full buffer traffic models over the best baseline using implementation based enhancements in many scenarios
· The best choice between these schemes may depend on factors including the number of TXRUs
· Non-codebook based CSI reporting is beneficial for EB/FD-MIMO compared to the best baseline using implementation based enhancements.
· SRS enhancement is beneficial for EB/FD-MIMO compared to the best baseline using implementation based enhancements.
· From the performance perspective, DMRS enhancements are beneficial for EB/FD-MIMO.
As a follow-up, a new work item [3] has been approved in RAN 68 for Release 13.  The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs.  The detailed objectives include
· Specify enhancements on CSI reporting in the following areas [RAN1]
· 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
[bookmark: _GoBack]In this contribution, we discuss our views on codebook and CSI feedback enhancements for 2D polarized antenna arrays for support of {8, 12, 16} CSI-RS ports for non-precoded CSI-RS based schemes. 
Discussion
2D antenna configuration
As specified in the work item description, the enhancements shall be utilizing both elevation and azimuth domains with 2D cross-polarized antenna arrays.  The (M, N, P) antenna element array (P = 2), can be mapped to a 2D array of antenna ports by virtualizing every K co-polarized elements in the same column, if M = K Mt.  The resulting antenna ports are align in an Mt×N array in each polarization and the total number of antenna ports is Q = Mt N P.  In non-precoded CSI-RS based schemes, each of these Q antenna ports is associated with a CSI-RS.  Clearly, there could be one or more antenna port arrays configurations given the total number of antenna ports.  In Table 1, we show some possible 2D antenna array configurations for Q = 8, 12, and 16.  
Table 1: 2D antenna array configurations for 8, 12, and 16 CSI-RS ports.
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As shown in the figure, there could be two possible configurations for 12 and 16 CSI-RS ports, while a single configuration for 8 CSI-RS ports.  For example, 16 CSI-RS ports can be virtualized either by a 2-column antenna array or by a 4-column antenna array.  
Observation: There exists more than one antenna configuration which can be associated with either 12 or 16 CSI-RS ports.

CSI feedback for 12 and 16 CSI-RS ports
For either 12 or 16 CSI-RS ports, there are two possible antenna configurations as shown in Table 1.  In order to achieve as much performance gain as possible, two codebooks may be needed.  Each codebook shall capture the distinct spatial signature of its associated antenna configuration.  Hence, it is desired to design the 12-TX/16-TX codebooks at least for each feasible pair of Mt and N.  
Proposal 1: For 12 CSI-RS ports, at least two new codebooks and related CSI feedback signaling shall be specified in Rel-13 for transmission of a given number of layers, one for Mt = 2 and N = 3; and the other for Mt = 3 and N = 2.
Proposal 2: For 16 CSI-RS ports, at least two new codebooks and related CSI feedback signaling shall be specified in Rel-13 for transmission of a given number of layers, one for Mt = 2 and N = 4; and the other for Mt = 4 and N = 2.
Based on above proposal, at least 4 new codebooks need to be specified in Rel-13 for support of 12 and 16 CSI-RS ports.  This can be done in two approaches:
· Option-1: Design and optimize 4 sets of codebook and related CSI feedback signaling separately, or
· Option-2: Design a scalable codebook and CSI feedback framework which is parameterized at least by Mt and by N
Option-1 is much straightforward, but may lead to significant work load in RAN1.  There would be some common components among these codebooks and CSI feedback signaling designs, which may be reused by different antenna configurations.  In contrast to the separate design in Option-1, Option-2 is more favorable to address the need of codebook and related signaling design for various antenna configurations.  Not to mention that it’s more friendly for any potential extension in future releases to support more than 16 CSI-RS ports.
Proposal 3: Use a scalable framework to design codebook and related CSI feedback signaling for 2D antenna arrays with 12 and 16 CSI-RS ports.
More details on the codebook design for 12-TX and 16-TX are discussed in the companion contribution [4].
CSI feedback for 8 CSI-RS ports
For 8 CSI-RS ports, there is only one possible antenna configuration.  There two alternatives to support CSI reporting for 2D antenna arrays with 8 CSI-RS ports.  
· Alt-1: Reuse the Rel-10 8-TX codebook (and related CSI feedback signaling if applicable), or
· Alt-2: Design a new 8-TX codebook and related CSI feedback signaling using the same scalable framework for 12 and 16 CSI-RS ports.
Although the existing Rel-10 8-TX codebooks are optimized for 1D antenna array, it still might be reused for the 2D antenna array.  With Alt-1, there is no need to specify a new 8-TX codebook which allows more time for 12-TX and 16-TX related designs.  Alt-2 requires some additional standardization effort, but it keeps all the 2D antenna array related designs in a consistent framework.  Either retain the current codebook for 8 CSI-RS ports or introduce a new one shall be determined based on performance evaluation.  With the same feedback overhead as current 8-TX codebook, if there is no significant gain shown for a new codebook for 8 CSI-RS ports, Alt-1 should be adopted.
[bookmark: _Ref378529477]Proposal 6: Specifying a new 8-TX codebook and related CSI feedback enhancements may be considered if significant gain is shown with the same feedback overhead as current 8-TX codebook and CSI feedback.
More details on the codebook design for 8-TX are discussed in the companion contribution [5]. 
CSI reporting modes and reporting types
In general, the codebook size scales as the number of CSI-RS ports.  To provide sufficient quantization resolution, a larger codebook is needed to support 12-TX or 16-TX compared to that for 8-TX.  Since Rel-10, dual-codebook structure and related multi-component CSI feedback are introduced for 8 CSI-RS ports.  Similar designs are also adopted in Rel-12 for 4-TX enhancements.  It has been demonstrated that such multi-codebook and multi-component CSI feedback mechanism provides an efficient way to tradeoff the CSI feedback overhead and the CSI accuracy.  It is natural to extend this approach to support 12 and 16 CSI-RS ports.  
Proposal 4: Consider multi-codebook and multi-component CSI feedback mechanism to CSI reporting for 2D antenna arrays with 12 and 16 CSI-RS ports.
For the periodic CSI reporting on PUCCH, it would be very challenge to fit all CSI into a single report.  Several Modes and submodes are specified in previous releases to accommodate the CSI reporting on PUCCH with different feedback granularities.  For each modes and/or submodes, several reporting types and related procedures are specified.  In cases of 12-TX and 16-TX, more bits may be need to indicate the CSI.  New CSI reporting types and related procedures need to be specified for existing modes/submodes to support periodic CSI reporting on PUCCH.
Proposal 5: Specify new PUCCH reporting types and related procedures for periodic CSI reporting on PUCCH with existing modes for 12 and 16 CSI-RS ports.
More details of CSI reporting modes and reporting types are discussed in our companion contribution [6].
Conclusions
In summary, we discuss general views on CSI-RS enhancements for 2D antenna array for support of 8, 12, and 16 CSI-RS ports in Rel-13.  Based on analysis of antenna configuration, we observe that
Observation: There exists more than one antenna configuration which can be associated with either 12 or 16 CSI-RS ports.
We propose
Proposal 1: For 12 CSI-RS ports, at least two new codebooks and related CSI feedback signaling shall be specified in Rel-13 for transmission of a given number of layers, one for Mt = 2 and N = 3; and the other for Mt = 3 and N = 2.
Proposal 2: For 16 CSI-RS ports, at least two new codebooks and related CSI feedback signaling shall be specified in Rel-13 for transmission of a given number of layers, one for Mt = 2 and N = 4; and the other for Mt = 4 and N = 2.
Proposal 3: Use a scalable framework to design codebook and related CSI feedback signaling for 2D antenna arrays with 12 and 16 CSI-RS ports.
Proposal 4: Specifying a new 8-TX codebook and related CSI feedback enhancements may be considered if significant gain is shown with the same feedback overhead as current 8-TX codebook and CSI feedback.
Proposal 5: Consider multi-codebook and multi-component CSI feedback mechanism to CSI reporting for 2D antenna arrays with 12 and 16 CSI-RS ports.
Proposal 6: Specify new PUCCH reporting types and related procedures for periodic CSI reporting on PUCCH with existing modes for 12 and 16 CSI-RS ports.
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