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1.  Introduction
The study item “Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” was approved at RAN Plenary #65 [1]. The objective of this study is to understand performance benefit of standard enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) with 8 or more transceiver units (TXRUs) per transmission point, where a TXRU has its own independent amplitude and phase control. 
The study item consists of two phases:
· Phase 1: Identify antenna configurations and evaluation scenarios, and evaluate the performance of Rel-12 downlink MIMO using 3D channel model with realistic non-full buffer traffic model.
· Phase 2: Study enhancements and assess the performance benefit of enhancements to the standard. Develop design principles for the identified techniques and identify potential specification impact.
In RAN1 #80 meeting, the following categories of potential CSI-RS and feedback enhancements were agreed.

· Enhancements related to beamformed CSI-RS-based schemes

· Enhancements related to non-precoded CSI-RS-based schemes

· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS

· Enhancements related to non-codebook based CSI reporting for TDD

· Enhancements related to SRS

At last RAN1 meeting, the definitions of non-precoded and beamformed CSI-RS were agreed.
· Non-precoded:

· This category comprises schemes where different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage. 

· Beamformed:
· This category comprises schemes where (at least at a given time/frequency) CSI-RS ports have narrow beam widths and hence not cell wide coverage, and (at least from the eNB perspective) at least some CSI-RS port-resource combinations have different beam directions. 

UE-specific horizontal/elevation beamforming can exploit more flexibility via MU-MIMO in both the azimuth dimension and the elevation dimension. The performance of MU-MIMO heavily depends on the acquisition at eNB side. Thus, in order to exploit full advantage of EB/FD-MIMO, it is important for the eNB to obtain the channel state information in both the azimuth and elevation dimension. Up to 8 CSI-RS antenna ports are specified in Rel-12. In order to support EB/FD MIMO with more TXRUs, e.g. 16, 32 or 64, CSI-RS design and corresponding feedback mechanism need to be enhanced. The potential schemes of CSI-RS and feedback enhancements were discussed [2]-[10]. In this contribution, we gives our further views on the beamformed CSI-RS-based schemes and hybrid beamformed CSI-RS and non-precoded CSI-RS for EB/FD-MIMO.
2. Beamformed CSI-RS-based schemes
Up to 8 CSI-RS antenna ports are specified in Rel-12. In order to support EB/FD MIMO with more TXRUs, e.g. 16, 32 or 64, the system design of UE specific beamforming requires new reference signal design. One straight forward approach is to extend the current design principle, i.e., each CSI-RS resource element corresponding to one antenna port, but this will incur large overhead which will eliminate the gain introduced by EB/FD-MIMO eventually. In order to keep low overhead, a reasonable way is to keep the number of CSI-RS ports low, e.g. same with Rel-12, while still can exploit beamforming gain in both the azimuth dimension and the elevation dimension. To fulfil this, we propose time-switched precoded CS-RS scheme for EB/FD-MIMO.
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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 precoded CS-RS transmission

For time-switched precoded CS-RS scheme, CSI-RS is precoded by N orthogonal vectors with size Tx1 (T equals to the number of TXRUs) before transmission. N is the number of CSI-RS ports. The N orthogonal vectors are selected from M orthogonal vectors generated by eNB and transparent to UE. The N orthogonal vectors can be changed in time domain. The CSI-RS overhead is reflected in the number of CSI-RS ports, i.e. N, and the UE-specific elevation beamforming gain can achieved by changing the N vectors selected form M orthogonal vectors in different subframes. The N vectors are selected in a cycle based on a time-switched manner.
Take figure 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 orthogonal vectors {W1, W2 … W16} with size 16x1. In subframe t1, 8 vectors W1 to W8 are selected from {W1, W2 … W16}. CSI-RS port 15 is precoded by W1, CSI-RS port 16 is precoded by W2 and so on as shown in figure 1.1. In subframe t2, the vectors are switched to the other 8 vectors W9 to W16. CSI-RS port 15 is precoded by W9, CSI-RS port 16 is precoded by W10 and so on as shown in figure 1.2. After CSI-RS are precoded by all the 16 vectors in multiple subframes in one cycle, UE can obtain all the information by the 16 beams generated by the 16 orthogonal vector and feedback RI/PMI/CQI accordingly.

Proposal 1:
Time-switched precoded CSI-RS scheme can be considered as the enhanced CSI-RS for EB/FD-MMO.
Based on the time-switched precoded CSI-RS transmission, the problem of CSI feedback and codebook design is relieved. UE can performs CSI estimation and feedback the best one or more beams. The detailed procedure is listed below. 
· Step 1: eNB generates M orthogonal vectors {W1, W2, … WM} with size Tx1 (T equals to the number of TXRUs)

· Step 2: CSI-RS is precoded by vectors selected  from {W1, W2, … WM}, W1s1, W2s2, … WNsN
· Step 3: UE performs CSI estimation on the precoded CSI-RS: HkW1s1, HkW2s2, … HkWNsN and obtain the channel information He=[HkW1, HkW2, … HkWN]. UE feedbacks the index of best one or more beams and the corresponding CQI.
· Step 4: eNB obtain the feedback from UE Wi, Wj, and generate the precoder of data channel is [Wi, Wj].

Compared with the transparent method, non-transparent method needs additional standardization efforts, but may have better performance since UE can feedback the best beam(s) corresponding to best vectors. So we have the following proposal.
Proposal 2:

UE can feedback the best beam(s) based on time-switched precoded CSI-RS transmission for EB/FD-MMO.
3. Hybrid beamformed CSI-RS and non-precoded CSI-RS
For non-precoded CSI-RS based scheme, one straight forward approach to support more TXRUs, e.g. 16, 32 or 64, is one to one mapping between TXRUs and CSI-RS ports. In this way, the total number of CSI-RS ports is creased accordingly. Codebook design is usually very challenging and time-consuming based on past experiences. To ensure sufficient quantization accuracy, the codebook size needs to increase proportionally with the number of CSI-RS ports. For EB/FD-MIMO with more TXRUs/CSI-RS ports, it is clearly much more challenging than past 2/4/8Tx codebook design. Reducing the codebook size and keep the feedback overhead low is desired. Furthermore, to design a uniform CSI feedback mechanism adaptable to different number of TXRUs/CSI-RS ports of 16, 32 or 64 is preferred. In this section, 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

Proposal 3:

For hybrid beamformed CSI-RS and non-precoded CSI-RS, the antenna grouping based CSI feedback scheme can be considered for feedback enhancements for EB/FD-MIMO.
4. Conclusions
In this contribution, we present our views on the enhancements related to beamformed CSI-RS-based schemes and non-precoded CS-RS-based schemes for EB/FD-MIMO and have following proposals.
Proposal 1: Time-switched precoded CSI-RS scheme can be considered as the enhanced CSI-RS for EB/FD-MMO.

Proposal 2: UE can feedback the best beam(s) based on time-switched precoded CSI-RS transmission for EB/FD-MMO.

Proposal 3: For hybrid beamformed CSI-RS and non-precoded CSI-RS, the antenna grouping based CSI feedback scheme can be considered for feedback enhancements for EB/FD-MIMO.
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