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1 Introduction
In 3GPP RAN1#84bis, advanced CSI reporting and interference measurement was discussed and the following was agreed:
Candidates for PMI Enhancement:

· Codebook based (implicit feedback)

· Linear combination codebook (enhanced W2) for Non-precoded CSI-RS and beamformed CSI-RS

· MU CSI (e.g., additional i1, i1,1, or i1,2) 

· Other new or modified codebooks

· Explicit feedback 

· Channel quantization 

· Eigenvector quantization

· Covariance matrix quantization

· Analog feedback

· Note: other schemes are not precluded

Candidates for CQI Enhancement:

· CQI Derivation 

· Interference estimation based on NZP CSI-RS

· MU-CQI conditioned on MU hypotheses and CSI-IM

· Reduced CQI feedback delay

· Note: other schemes are not precluded
In current CSI feedback framework, codebook structure is based on the beam selection principle which does not consider the realistic channel propagation property. To close the gap between the codebook based CSI feedback and the ideal CSI feedback, a new codebook structure based on beam space MIMO is discussed in this contribution.
2 CSI feedback mechanisms for beam space MIMO
Two-stage codebook was introduced in LTE Rel-10 to improve the feedback accuracy. W is constructed with two precoding matrixes W1 and W2.W1 is a block diagonal matrix targeting for long term channel information. The functionality of W2 is to perform beam selection and co-phasing between two antenna ports with different polarization aiming for short term channel information.
W = W1*W2
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The improved feedback accuracy also means bigger codebook to design, more uplink feedback bits and larger UE CQI/PMI/PI derivation complexity. Moreover, state-of-the-art vector quantization in LTE (DFT codebook) is still designed and optimized with the assumption of simplified “one cluster” propagation channel modeling. Given as many as 20 clusters are usually needed to reflect real world propagation channel with angle and delay spread [1-2], 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
· Beam space MIMO based codebook structured for non precoded CSI-RS
As shown in Figure 2, the codebook is constructed by the principle of combination of multiple beams. This principle is based on the channel propagation characteristic of multiple paths. A coarse beam space with W1 is firstly selected, and then the finer beam space comprising the beam corresponding to the real propagation paths are selected through beam selection codebook. Given that, to further account for the fading strength for different propagation path, different beam are weighted with phase and amplitude prior to combination.
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Figure 2. Beam space MIMO based codebook structured for non precoded CSI-RS 
When the number of antenna ports scale up, the beam width become narrower and the range of angle covered by one W1 decrease. For instance, the W1 only covers 11 degree for 32 antenna ports in which all the antennas elements are deployed in horizontal domain. However, angel spread can reach up to 26 degree in UMa NLOS scenario. Thus, only one W1 is not sufficient to cover all the clusters for beam combination. Multiple W1 reporting is required for DFT superposition codebook especially for large scale antenna array.
Proposal 1: Specify DFT superposition codebook for both Class A and Class B reporting in Rel-14.
Proposal 2: DFT superposition codebook should capture both amplitude and phase weighting.
Proposal 3: DFT superposition codebook should considering beam selection.
Proposal 4: Multiple W1 reporting is required for DFT superposition codebook especially for large scale antenna array.
· Beam space MIMO based codebook structure for beamformed CSI-RS
With the antenna array scaling up, the beamwidth of beamformed CSI-RS becomes very narrow. Simply selecting one of the multiple beams can hardly capture all the channel transmission paths. As shown in Figure 3, the propagation paths comprise of four rays, which corresponding to line of sigh path, and three reflection paths. To better reflect the channel propagation characteristic, all the beams which correspond to the channel propagation paths should be involved in the CSI feedback information. Port selection and combination with amplitude and phase weighting should be supported for beamformed CSI-RS.
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Figure 3. Beam space MIMO based codebook structured for beamformed CSI-RS 
Proposal 5: Port selection and combination with amplitude and phase weighting should be supported for beamformed CSI-RS.
3 Conclusions
In this contribution, CSI feedback based on beam space framework for LTE is discussed. We propose:
Proposal 1: Specify DFT superposition codebook for both Class A and Class B reporting in Rel-14.
Proposal 2: DFT superposition codebook should capture both amplitude and phase weighting.
Proposal 3: DFT superposition codebook should considering beam selection.
Proposal 4: Multiple W1 reporting is required for DFT superposition codebook especially for large scale antenna array.
Proposal 5: Port selection and combination with amplitude and phase weighting should be supported for beamformed CSI-RS.
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