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1 Introduction

At the RAN1 #85 meeting, it achieved the following agreements [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 our companion contribution [2], we compared codebook enhancement and channel coefficients feedback by taking implementation, overhead and performance into account. In this contribution, we discuss the utilization of codebook enhancement in beamformed CSI-RS.       
2 Discussion
LTE Rel-13 introduced beamformed CSI-RS, where CSI-RS are beamformed toward one or several directions. UE measures CSI on CSI-RS resource(s) and select the most appropriate beam direction for subsequent PDSCH transmission.
CSI enhancements for beamformed CSI-RS should be discussed as well, i.e. by codebook enhancement or channel coefficients feedback. In codebook enhancement for Class A CSI-RS [3], a large number of codebooks are generated based on linear combination of several beam vectors. If codebook enhancement scheme is selected for beamformed CSI-RS, it is straightforward to enhance CSI based on Rel-13 beamformed CSI-RS mechanism. For instance, eNB transmits N ports CSI-RS using difference beam vectors for different port pair. UE selects several beamformed ports for combination, and feedback PMI2 indicating combining coefficients. 

As we discussed in [2], one drawback of codebook enhancement is large size memory requirement and huge complexity in codebook searching. For beamformed CSI-RS, the memory requirement is alleviated since only W2 codebooks need to be stored. However, the effort to search optimal codebook is still huge, especially when number of selected beams is large. For instance, when 4 beams are selected, there will be 2^12 W2 codebooks according to the codebook enhancement design in [3].

Observation 1：Using codebook enhancement for beamformed CSI-RS alleviates the storage memory requirement. However, the calculation complexity is still huge in searching optimal W2.

For legacy beamformed CSI-RS, beamforming weight is transparent to UEs. One preferred beam is selected and CQI can be derived with associated beam. However, for enhanced codebook used in beamformed CSI-RS, the beam combination coefficients are highly dependent on selected beams for combination, especially for normalization coefficient of one enhanced codebook. For instance, codebook composed of beam1 and beam2 may have different normalization coefficient with the codebook composed of beam1 and beam3, even using the same phase for combining. Therefore, UE should be acknowledged with beam vectors. Otherwise, UE may use wrong codebooks for CQI/RI deviation. In addition, if eNB needs to change its beamformer on CSI-RS due to some reason, eNB cannot conduct the arbitrary adjustment. It must choose one beam vector among predefined candidates. And then, eNB should inform the changed beamformer to UE to ensure UE using the correct codebooks. 
Observation2: Using codebook enhancement for beamformed CSI-RS, UE should be acknowledged with the used beam vectors, otherwise UE may mistake codebook for CQI/RI derivation.

Observation3: Using codebook enhancement for beamformed CSI-RS, eNB cannot arbitrarily adjust its beam vectors. Once beam vectors are adjusted, eNB should notify the changes to associated UE.

In our companion contribution [2], the column vector of one orthogonal base can be used as the beamformer for CSI-RS. By this way, UE calculates the channel coefficients in the same way as in non-precoded CSI-RS, agnostic to the used beam vectors. When eNB needs to adjust one beamformer, as long as the adjusted precoder is orthogonal with precoders on other ports, the channel coefficients and associated CQI derivation is not impacted. 
Based on the above discussion, codebook enhancement for beamformed CSI-RS causes some implementation issues on UE side. In addition, eNB cannot arbitrarily adjust the beam vectors when required. Therefore, codebook enhancement is not preferred for beamformed CSI-RS.

Proposal 1: Specify channel coefficients feedback for beamformed CSI-RS.   
The agreement from last meeting is to specify advanced CSI selected from codebook enhancement feedback and channel coefficient feedback. We prefer to specify channel coefficient feedback. However, if both categories are determined to be specified, we provide the following codebook enhancement design for class B CSI feedback.
3 Codebook Enhancement for beamformed CSI-RS
Hybrid CSI is one specification item in Rel-14. One option is to define non-precoded CSI-RS and beamformed CSI-RS in one process. The first reports of non-precoded CSI-RS, i.e. PMI1, can be used to generate beamformer for second stage beamformed CSI-RS. This mechanism can be used to assist codebook enhancement for beamformed CSI-RS.
In our companion contribution [3], combining beams in multiple W1s can capture realistic channel path distribution. On the first stage CSI feedback, multiple W1s and beam selection in each W1 should be reported. Using the reported W1s and corresponding beam selection, the beamforming vectors are generated and weighted on antenna ports for each polarization, which is illustrated in fig1.
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Fig.1 Using CSI reports on non-precoded CSI-RS for beamformed CSI-RS

Since UE is aware of reported W1s and beam selection in each W1, UE can properly use W2 codebooks for CQI/RI derivation. In summary, UE measures PMI2 and CQI/RI on beamformed CSI-RS following the following steps:
S1: UE estimates the channel on beamformed CSI-RS for each subband and calculates the correlation matrix R.
S2:  Then UE selects the W2 candidates according to reported W1s and beam selection in each W1. 

S3:  Within W2 candidates, UE searches the optimal W2 as 
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S4: CQI/RI is derived on associated W2
Using the mechanism of hybrid CSI reporting, the CSI reporting on the first stage CSI-RS determines the W2 codebook candidates for the second stage CSI derivation. With the proposed design, the signaling for eNB to inform UE the beam vectors is avoided.
Proposal2: The mechanism of hybrid CSI reporting can be used for codebook enhancement in beamformed CSI-RS, where the CSI reported on the first stage CSI-RS determines W2 codebook candidates for the second stage CSI derivation.
4 Conclusions
In this contribution, CSI enhancement for beamformed CSI-RS is discussed, and our preferred design is provided. We have the following observations
Observation 1：Using codebook enhancement for beamformed CSI-RS alleviates the storage memory requirement. However, the calculation complexity is still huge in searching optimal W2.

Observation2: Using codebook enhancement for beamformed CSI-RS, UE should be acknowledged with the used beam vectors, otherwise UE may mistake codebook for CQI/RI derivation.

Observation3: Using codebook enhancement for beamformed CSI-RS, eNB cannot arbitrarily adjust its beam vectors. Once beam vectors are adjusted, eNB should notify the changes to associated UE.

Then we propose

Proposal 1: Specify channel coefficients feedback for beamformed CSI-RS.
It both categories are determined to be specified, we have 
Proposal2: The mechanism of hybrid CSI reporting can be used for codebook enhancement in beamformed CSI-RS, where the CSI reported on the first stage CSI-RS determines W2 codebook candidates for the second stage CSI derivation.
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