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1 Introduction

At the RAN1 #85 meeting, following agreements were achieved for advanced CSI feedback[1].
· Specify enhancement on CSI reporting to improve eNB precoding. The specified enhancement is to be selected from the following categories:

· Enhancements to Rel-13 feedback codebooks (FFS which numbers of antenna ports from the set {8, 12, 16, 20, 24, 28, 32}) that increase CSI resolution through improved beam selection / construction in W1 and/or improved beam/port selection / combining / weighting mechanisms in W2 

· Parameters representing channel coefficients, or some reduced space representation thereof including beam combining / weighting with coefficient quantisation or channel quantisation or channel covariance matrix quantisation

· Uplink physical channel enhancements to carry the representation of channel coefficients can be included if selected
In this contribution, two categories are compared from implementation and performance perspective. We prefer to specify feedback of channel coefficients in unquantization or quantization form. However, if both categories are determined to be specified, we provide our views on codebook enhancement to address our concerns.
2 Comparison of two CSI reporting enhancement categories
In our companion contribution [2], two CSI reporting enhancement categories are compared. From the implementation perspective, codebook based enhancement will lead to a large number of codebooks. It is infeasible for UE to store such large amount of codebooks. On the other hand, it will be very complicated for UE to obtain the optimal codebook by exhaustive searching. The simplified solution in codebook searching will damage performance more or less depending on actual algorithm. As comparison, channel coefficient feedback does not require extra memory what codebook needs. The channel coefficients can be derived from channel estimates directly, which allows calculation complexity kept in an acceptable level. 
Observation 1: Codebook enhancement will lead to a huge number of codebooks. Consequently,

·  It is infeasible for UE to store such amount of codebooks. 

·  It is very complicated to obtain the optimal codebook by exhaustive searching. Other sub-optimal methods will lead to performance loss.
From the overhead perspective, we observed that

Observation 2: Compared with codebook enhancement, 

· Uplink channel enhancement to report un-quantized eigenvector consumes less uplink resource.
· Reporting quantized eigenvector has comparable overhead.
In our companion contribution [2], simulations results are presented to illustrate the performance of codebook enhancement, feedback of quantized channel coefficients, and unquantized channel coefficients. Based on simulation results, we have the following observations

Observation 3: Channel coefficients feedback in quantized and unquantized form provides significant gain over codebook enhancement. 

Observation 4: Unquantized eigenvector feedback has 17% and 10% cell average gain over codebook enhancement and quantized channel coefficients, respectively.
Base on the discussion and evaluation, we propose

Proposal 1: Specify channel coefficient feedback in Rel14 if down selection has to be made.
3 Codebook Enhancement
We prefer to specify feedback of channel coefficients in un-quantized or quantization manner. However, if both codebook enhancement and channel coefficients feedback are determined to be specified, we provide our views on the design of codebook enhancement.
3.1 Codebook Enhancement Principles
LTE R13 enhanced two-stage codebook for 2D antenna array layout, where the codebook can be represented as
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, and W1 contains 4 adjacent oversampled DFT vectors with respect to rank1/2 assumption. 
Conventional codebook structure is based on the beam selection principle which does not consider the realistic channel propagation property. Codebook enhancement aims to close the gap between adopted beamforming weight and realistic channel property through beam selection and combination. In channel environment with rich scatters, the angle spread may out of the scope of legacy W1 coverage. For instance, given as many as 20 clusters are usually needed to reflect real world propagation channel with angle and delay spread [3-4], it means accuracy of DFT codebook is further limited by the coarse “one cluster” modeling itself.  In other words, simple extension of DFT codebook with more oversampling DFT beams will not help MIMO performance when number of DFT beams in the codebook is enough. 
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Figure 1: Channel modeling with multiple clusters
One way to improve codebook accuracy is to combine the beams in more than one W1s to converge to optimal precoder. One W1 may correspond to one scatterer with strong energy. The combination between W1s needs amplitude information which reflects the power difference between scatters. Within one W1, more than one beam can be selected for combination, which aims to model distribution of subpaths within one scatter. In addition, the combination of beam vectors in one W1 may not require amplitude information since power between subpaths has similar energy.
Base on the discussion above, we have the following design principles
Proposal 2: Codebook superposition should include more than one W1s for linear combination to accommodate channel environment with rich scattering.
Proposal 3: Codebook superposition codebook should capture both amplitude and phase weighting where,
· Amplitude and phase information for combination between W1s

· Phase information for combination between beams within one W1
3.2 Codebook Enhancement Design
Based on our discussion above, UE should report M PMI1s to eNB, where M should be configurable according to channel environment and antenna array layouts. In addition in W1, K beam vectors can be combined using only phase.
In the codebook design, the codebook structure can be re-written as 
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where multiple W1s with beam selection comprise
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 represents the beam selection for the kth W1.
W2 can be expressed as 
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The amplitude of 
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 is designed to reflect the amplitude of channel scatters, which can be designed for wideband feedback with even or exponential quantization. The cophasing of 
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 reflect the subpath distribution, which can be subband feedback with even quantized between 0~2
[image: image10.wmf]p

.
4 Conclusions
In this contribution, we discuss the codebook superposition to increase CSI resolution. We have the following observations
Observarion1: Codebook enhancement will generate a huge number of codebooks. Consequently,

·  It is infeasible for UE to store such amount of codebooks. 

·  UE hardly obtain the optimal codebook by exhausted reaching. Other sub-optimal methods will lead to performance loss.
Observation2: Compared with codebook enhancement, 

· Uplink channel enhancement to report unquantized eigenvector consumes less uplink resource.
· Reporting quantized eigenvector has comparable overhead.
Observation3: Channel coefficients feedback in quantized and unquantized form provides significant gain over codebook enhancement. 

Observation4: Unquantized eigenvector feedback has 17% and 10% cell average gain over codebook enhancement and quantized channel coefficients, respectively.
Therefore we propose

Proposal1: Specify channel coefficient feedback in Rel14 if down selection has to be made. 
If both categories are determined to be specified, we have the following proposals
Proposal2: Codebook superposition should include more than one W1s for linear combination to accommodate channel environment with rich scattering.
Proposal3: Codebook superposition codebook should capture both amplitude and phase weighting where,

· Amplitude and phase information for combination between W1s

· Phase information for combination between beams within one W1
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