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1 Introduction
In the RAN#68 plenary meeting a work item on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE was approved [1]. One of the objectives of the work item is to specify CSI-RS and CSI enhancements for beamformed CSI-RS schemes to support FD-MIMO. In this contribution we provide our views on the required enhancements.
2 Discussion
Beam selection using codebook
The main idea of this approach for supporting class B CSI reporting is to apply different narrow beam beamforming weights to the CSI-RS antenna ports (see Figure 1) in order to achieve better coverage of the CSI-RS transmissions.

[image: image1.emf]
Figure 1: Per antenna port beamforming for class B CSI reporting
FD-MIMO transmission with beamforming in this scheme may be facilitated by reporting the PMI. During the study it has been however found that depending on the beamforming design the existing codebook structure available in Rel-12 may not be applicable for the beamformed CSI-RS antenna ports. More specifically, the constant modulus property of the precoding vector elements may not be appropriate when CSI-RS antenna ports are differently beamformed, given that only part of the beams usually provides noticeable performance improvement at the UE [2]. Therefore, a codebook design with non-constant modulus property for the precoder was proposed as a possible enhancement to the beamformed CSI-RS resource [3].
For the beamformed CSI-RS approach, where each CSI-RS antenna port is differently beamformed, the codebook structure could follow the structure of W2 defined for the Rel-10 and Rel-12 codebooks. However, given that support of beam selection and co-phasing would be also required from the flexible number of beams (e.g., not necessarily limited to a power of 2), the definition of a scalable beam selection codebook would be more beneficial and future proof than the reuse of the existing W2 structure.

The scalable beam selection and co-phasing codebook denoted as W2 should support beam selection, co-phasing between polarizations and possibly combining of the different beams for different number of NZP CSI-RS antenna ports. Such beam selection can be constructed by introducing em, a vector of length Np/2 (Np is the total number of CSI-RS antenna ports), with 1 in its m-th position and 0 in all other positions. Co-phasing of the polarizations can be provided by introducing a complex scaling factor ejα for each beam selection vector. Similar to the Rel-10 and Rel-12 principles, the quantization of the co-phasing element α can be limited to {0, π/2}. The transmission of multiple MIMO layers in the codebook should be first provided by different polarizations over the same beam and then over different beams. 
Assuming that the first half of the CSI-RS antenna ports corresponds to the beamformed antenna ports of the same polarization and considering the design principle described above, the scalable codebook for ranks 1-4 can be defined as follows:
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Further enhancement to the codebook for beamformed CSI-RS might be also possible by introducing dm.n, a vector of length Np/2, with 1 in its m-th and n-th positions (m≠n) and 0 in all other positions or with 1 in the m-th and -1 on the n-th positions (m≠n) and 0 in all other positions. Such enhancement would allow support of beam combining.
It should be noted that the indication of the selected beams in the proposed codebook is performed by using conventional PMI reporting. The number of selected beams would be reported as part of the RI. Given that the codebook approach of class B CSI reporting does not require the definition of a new CSI reporting element, it can be supported in Rel-13 without significant specification work.

Beam selection using beam index report 

Another alternative of supporting class B CSI reporting is the introduction of the beam index (BI) report. In this scheme, wide-beam beamforming is applied by the eNB to the NZP CSI-RS resource with multiple antenna ports. Different wide-beam beamforming is used across different NZP CSI-RS resources that are configured per CSI process. In this scheme, beam selection is performed by reporting the BI from the UE which basically provides the index of the best configured NZP CSI-RS resource. The CSI information calculated for the selected NZP CSI-RS resource and reported together with the BI contains the PMI report which is used by the eNB for narrow-beam beamforming. 
From the UE perspective, the above scheme requires CSI calculation for each configured NZP CSI-RS resource and from the complexity perspective is somewhat similar to the support of multiple CSI processes. The main difference compared to the use of multiple CSI processes is in the CSI reporting procedure. More specifically, in the current scheme the UE (instead of the eNB) decides the NZP CSI-RS resource for which CSI should be provided. In the conventional system, it is purely the eNB responsibility to request CSI reporting for the specific NZP CSI-RS resource of the CSI process. 
Given that the beamwidth corresponding to the NZP CSI-RS resource is usually wide, support of such scheme can be facilitated without introduction of BI reporting. More specifically, by configuring multiple DRS with the corresponding NZP CSI-RS resource, the UE may provide RSRP information to assist beam selection. This information would be similar to the BI. The actual beam or NZP CSI-RS resource that should be used by the UE for CSI reporting can be indicated by the eNB to the UE using conventional CSI requesting procedures. Considering also the testing complexity due to the introduction of a new BI report specification and the UE complexity, we propose to consider the BI reporting scheme in Rel-14.
Summarising the discussion above we propose:

Proposal:

· For the beamformed CSI-RS approach of supporting FD-MIMO, consider the definition of a scalable codebook supporting beam selection and co-phasing.

· No new CSI reporting elements such as BI is introduced in Rel-13
3 Summary

In this contribution we compared two schemes of supporting Class B CSI reporting using the codebook based approach and BI reporting. Based on the discussion it is proposed:
Proposal:
· For the beamformed CSI-RS approach of supporting FD-MIMO, consider the definition of a scalable codebook supporting beam selection and co-phasing.

· No new CSI reporting elements such as BI is introduced in Rel-13
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