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1. Introduction
It was agreed in RAN1#82 to introduce CSI reporting class A for non-precoded CSI-RS. More detailed agreements are recaptured in the following. 
Agreements:
· CSI reporting with PMI
· A CSI process can be configured with either of two CSI reporting classes, A or B (FFS: both A and B): 

· Class A, UE reports CSI according to W=W1W2 codebook based on {[8],12,16} CSI-RS ports

Agreements:
· A CSI process is associated with K CSI-RS resources/configurations (per definition in 36.211), with Nk ports for the kth CSI-RS resource (K could be >=1)

· Note: it is up to RAN2 to design the signaling configuration structure to support the above association

· Maximum value of K is FFS

· Maximum total number of CSI-RS ports in one CSI process 
· For CSI reporting class A, the Maximum total number of CSI-RS ports is 16

· For the purpose of RRC configuration of CSI-RS resource/configuration

· For CSI reporting Class A, RAN1 will choose one of the alternatives 

· Alt.1: CSI-RS resource/configuration with Nk: =12/16 to be defined in the spec (The index of CSI-RS configuration can be configured for CSI process with K=1). 

· Alt.2: 12/16 ports CSI-RS is an aggregation of K configured CSI-RS resources/configurations with 2/4/8 ports. (K>1)

· FFS on the schemes for aggregation and port indexing

· FFS between fixed or configurable value(s) for Nk

In this contribution we discuss several issues of aperiodic feedback for reporting Class A. 

2.  Discussion
As the number of Tx antennas increases, the size of feedback codebook grows accordingly. For instance, the codebook size for 2/4/8Tx in Rel.12 is 2-bit, 4-bit and 8-bit. For 12/16Tx codebook, some codebook proposals in the last meeting are as high as 11 bits, e.g. 2048 precoders to search per rank.  UE complexity, computation and power consumption should be considered in the feedback design.
PUCCH is a narrow feedback channel targeting wideband CSI. PUCCH needs to be more robust than PUSCH due to protection of other important control information (e.g. ACK/NACK). It is our preference to not overly complicate PUCCH for non-precoded CSI-RS. It is desirable to support 12/16Tx Class A reporting on PUCCH 2a/2b, possibly with codebook sub-sampling. PUCCH format 3 may be considered if supported by UE capability. 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, our view is that frequency-selective CSI on PUSCH is 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 for Class A.
· Avoid complicated design on PUCCH

· Avoid new PUCCH format, payload and multiplexing schemes 

· CSI payload is to be satisfied by PUCCH sub-sampling.
PMI search complexity needs to be kept at a reasonably low level to encourage UE implementation and market adoption of massive MIMO. Although proprietary UE implementation may be available for reducing PMI search complexity, standardized mechanism to simplify codebook search and uplink overhead will also be beneficial, especially for very large codebooks. 
The currently aperiodic CSI mechanism is based on 1-bit triggering in the UL grant, where codebook search complexity is proportional to the codebook size. For elevation beamforming with composite precoder W = W1W2, where 
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W

 characterizes the long term properties of the channel such as beam directions, and 
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W

 describes the short term channel characteristics such as the phase variations between two polarizations.
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W

 is a block diagonal matrix as given by 
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It has been found that the 1st precoder W1 (corresponding to the wideband grid of beam reflecting the elevation domain angle) varies as a slower rate than the 2nd precoder W2. As such it is worthwhile to investigate mechanism for feeding back W2 without W1. If W2 is triggered without W1, the calculation of W2 could be based on the last reported W1. The benefit is that UE only needs to search a small subset of W (corresponding to the last reported W1), instead of the entire codebook. For instance, assuming the overhead of W1/W2 is 9-bit and 4-bits respectively, feeding back W2 without W1 only needs to search 16 precoders, as opposed to full codebook search of 8196 precoders. 
Proposal:
· Aperiodic CSI supports simultaneous feedback of W1 and W2 

· Discuss if aperiodic PUSCH supports W2 feedback without W1, e.g. W2 can be 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: 

· Focus on A-CSI.
· Avoid complicated design on PUCCH

· Avoid new PUCCH format, payload and multiplexing schemes 

· CSI payload is to be satisfied by PUCCH sub-sampling.
· A-CSI supports simultaneous feedback of W1 and W2 

· Discuss if A-CSI supports W2  feedback without W1, e.g. W2 based on the last reported W1.
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