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1. Introduction
A work item on elevation beamforming/full-dimension MIMO (EB/FD-MIMO) was approved in RAN#68 with the following objective on non-precoded CSI-RS feedback. 
· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
· 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.
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

· Specify higher layer support of enhancements listed above [RAN2]
Codebooks for 12/16Tx are expected to be significantly larger than the existing 4/8Tx codebooks. Cares need to be taken in terms of codebook search complexity, CSI overhead and system operational flexibility. These issues are discussed in this contribution, with particular focus on aperiodic feedback. 

2.  Discussion
2.1. PUCCH vs. PUSCH
As the number of Tx antennas increases, the size of feedback codebook grows accordingly. For instance, the codebook size for 2/4/8Tx is 4, 16 and 256 in LTE. Following this trend, codebook size for 12/16Tx is expected to be significantly larger in order to meet the CSI accuracy requirement, e.g. with thousands of precoders. This naturally leads to higher feedback payload and PMI search complexity for the UE.
PUCCH is a narrow feedback channel targeting at wideband CSI. The robustness requirement for PUCCH is also relatively higher because it may be multiplexed with other important control information (e.g. ACK/NACK). It is our preference to not overly complicate PUCCH design for non-precoded CSI-RS, namely, the maximum PUCCH payload should be preserved, and new PUCCH format and multiplexing schemes shall be avoided unless justified by sufficient performance gain. On the other hand, PUSCH is more suitable for no-precoded CSI-RS feedback, due to its higher CSI payload and more flexible resource allocation to satisfy the coverage requirement.  Therefore, frequency-selective CSI on PUSCH is considered more important for FD-MIMO, and our preference is to focus on aperiodic PUSCH for non-precoded CSI-RS.

Proposal: 
· Focus on aperiodic CSI to satisfy the CSI payload requirement.

· Avoid complicated design on PUCCH

· Avoid new PUCCH format, payload and multiplexing schemes 

· CSI payload is to be satisfied by PUCCH sub-sampling.
2.2. CSI feedback mechanism
PMI search complexity is a monotonically increasing function of codebook size. Although proprietary algorithms exist for reducing PMI search complexity, standardized mechanism for reducing the PMI search complexity and uplink overhead will also be beneficial, especially for very large codebooks. 
The currently aperiodic CSI triggering mechanism is based on 1-bit triggering in the UL grant. When the bit is set to 1, UE searches for the optimal composite precoder W in the entire feedback codebook. The search complexity is therefore proportional to the size of the composite codebook W.
For elevation beamforming with composite precoder W = W1W2, it has been found that the 1st precoder W1 (corresponding to the wideband grid of beam reflecting the elevation domain angle), varies as a much slower rate than the 2nd precoder W2. Exploiting this observation, eNB should be allowed to separately trigger the feedback of W1 and W2, with different time periodicities. W1 can be triggered less frequently as it changes slowly. W2 can be triggered more frequently, without W1 reporting.  The calculation of W2 may be based on the last reported W1. Furthermore, when only W2 is triggered, codebook search computation is significantly reduced, since the UE only needs to search a small set of W corresponding to the last reported W1, instead of the entire codebook W.
Proposal:
· Aperiodic CSI for 12/16Tx supports joint triggering of W1 and W2 report

· Aperiodic CSI for 12/16Tx supports triggering of W2 only
· Calculation of W2 is based on the last reported W1
3. Conclusions
In this contribution we discussed the feedback mechanism for aperiodic CSI of non-precoded CSI-RS, in particular 12 and 16Tx. Based on the discussion our preference is summarized below
Proposal:  For non-precoded CSI-RS of 12/16Tx 

· Focus on aperiodic CSI to satisfy the CSI payload requirement.

· Avoid complicated design on PUCCH

· Avoid new PUCCH format, payload and multiplexing schemes 

· CSI payload is to be satisfied by PUCCH sub-sampling.
· Aperiodic CSI for 12/16Tx supports joint triggering of W1 and W2 report

· Aperiodic CSI for 12/16Tx supports triggering of W2 only

· Calculation of W2 is based on the last reported W1
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