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1.  Introduction
A 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.
At last RAN1 meeting, views on enhanced schemes targeting 2D antenna array were provided in [2]-[5]. In [6], we present our views on the system designs of Elevation Beamforming/Full-Dimension MIMO. In this contribution, we gives our proposals on CSI-RS design and CSI reporting for EB/FD-MIMO.
2. CSI-RS design for EB/FD-MIMO
UE-specific elevation beamforming can exploit more flexibility via MU-MIMO in both the azimuth dimension and the 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, 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.
3. CSI reporting for EB/FD-MIMO
Based on the time-switched precoded CSI-RS transmission, the problem of CSI feedback and codebook design is relieved. UE can perform CSI estimation on the precoded CSI-RS and feedback based on Rel-12 feedback framework transparently. Or eNB can configure UE with multiple subframe sets or multiple CSI process with minor standardization efforts. The only thing is eNB needs to gather the feedback from UE in different subframes/CSI processed and determine the precoder on the data channel which is an implementation issue. The following shows the CSI transmission and CSI reporting which can already be realized in Rel-12.
· 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 RI/PMI/CQI based on He
· Step 4: eNB obtain the feedback from UE and determine the precoder of data channel is WxP, where W is composed of M orthogonal vectors and P is acquired from PMI.
Observation:

Based on time-switched precoded CSI-RS transmission, Rel-12 CSI reporting mechanism can be reused for EB/FD-MIMO.

Another CSI reporting method can also be considered. In this method, UE knows CSI-RS is precoded by N orthogonal vectors in N beams. UE 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 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.
4. Conclusions
In this contribution, we present our views on the CSI design and CSI reporting of Elevation Beamforming/Full-Dimension MIMO and have following observations/proposals.
Observation:

Based on time-switched precoded CSI-RS transmission, Rel-12 CSI reporting mechanism can be reused for EB/FD-MIMO.

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.
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