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1.  Introduction
The work item “Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” was approved at RAN Plenary #68 [1]. The objectives of this work item are as follows:
· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
· Beamformed CSI-RS

· SRS capacity improvement

· Support for SRS transmission with 4TX antennas as a second priority

· Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
· Specify enhancements on CSI reporting in the following areas [RAN1]

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

· Specify higher layer support of enhancements listed above [RAN2]

· Specify the necessary UE (if any) core requirements [RAN4]

In this contribution, we give our views on the CSI feedback enhancements for EB/FD-MIMO.
2. CSI feedback enhancements for beamformed CSI-RS based schemes
As captured in the TR, beamformed CSI-RS based scheme demonstrates significant throughput gain over the best baseline using implementation based enhancements in many scenarios. In [2], we propose time-switched beamformed CS-RS scheme for EB/FD-MIMO. In this scheme, the number of beams generated can be larger than the number of CSI-RS ports. In one subframe, eNB can select several beams for CSI-RS transmission and each beam for one CSI-RS port. The selected beams can be changed over different subframes. UE can feedback CSI based on one subframe or multiple subframe according to the configuration from eNB. It can be realized by one CSI process or multiple CSI processes. In case of one CSI process, eNB can configure multiple CSI resources, each CSI resource corresponding to one subframe. In case of multiple processes, eNB can configure UE with multiple CSI processes. UE will feedback CSI based on these CSI processes.
Take Fig.1 as an example. Assuming the number of TXRUs is 16 and the number of CSI-RS ports is the same as Rel-12, i.e. 8. ENB generates 16 beams. In subframe t1, the former 8 beams are selected from the total 16 beams. As shown in Fig.1.1, CSI-RS port 15 is precoded by W1, CSI-RS port 16 is precoded by W2 and so on. In subframe t2, the latter 8 beams are selected. As shown in figure 1.2, CSI-RS port 15 is precoded by W9, CSI-RS port 16 is precoded by W10 and so on. After CSI-RS are precoded by all the 16 vectors in two subframes in one cycle, UE can obtain all the information by the 16 beams and feedback CSI accordingly.
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Figure 1.1 CSI-RS transmission in subframe t1                    Figure 1.2 CSI-RS transmission in subframe t2
Figure 1. Time-switched beamformed CS-RS transmission

For the CSI feedback enhancements for beamformed CSI-RS based schemes, we have the following proposal:

Proposal 1:

UE can feedback one or multiple beam(s) based on one or multiple subframe(s) according to the configuration from eNB.
3. CSI feedback enhancements for Hybrid CSI-RS based schemes
As captured in the TR, hybrid CSI-RS based scheme also demonstrates significant throughput gain over the best baseline using implementation based enhancements in many scenarios. In [2], we propose a uniform CSI feedback mechanism with antenna grouping based on hybrid beamformed CSI-RS and non-precoded CSI-RS, which can be extended to different number of TXRUs/CSI-RS ports. The main idea is that the total CSI-RS ports, e.g. 64, are separated into several groups, e.g. 8, shown in Fig.2. Each group contains the same number of CSI-RS ports with same polarization direction. eNB will notify the grouping pattern to all UEs. UE shall feedback one independent PMI for each group based on non-precoded CSI-RS and additional inter-group PMI based on beamformed CSI-RS generated in each group. The aggregated CQI can be calculated based on beamformed CSI-RS across the groups. The proposed antenna grouping based CSI feedback scheme is scalable and can be extended to different number of TXRUs/CSI-RS ports.
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Figure 2. Illustration of antenna grouping

For the CSI feedback enhancements for beamformed CSI-RS based schemes, we have the following proposal:

Proposal 2:

UE can feedback multiple PMIs with one PMI for each CSI-RS group, and feedback aggregated PMI/CQI across the CSI-RS groups.

4. Conclusions
In this contribution, we present our views on the enhancements related to beamformed CSI-RS-based schemes and hybrid CSI-RS-based schemes for EB/FD-MIMO and have following proposals.
Proposal 1: UE can feedback one or multiple beam(s) based on one or multiple subframe(s) according to the configuration from eNB.
Proposal 2: UE can feedback multiple PMIs with one PMI for each CSI-RS group, and feedback aggregated PMI/CQI across the CSI-RS groups.
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