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1. Introduction

In the RAN #68 meeting, a new work Item, “Elevation Beamforming/Full-Dimension (FD) MIMO for LTE”, was approved [1]. With a two-dimensional active antenna array exploiting the elevation dimension as well as the azimuth dimension in MIMO system, it has been shown during the SI stage by intensive simulation that further improving system performance is possible to accommodate increasing capacity demand [2]. One of the key issues in supporting a two-dimensional antenna array is how to enhance existing CSI-RS which is based on a one-dimensional antenna array. During SI stage, two CSI-RS categories, i.e., beamformed and non-precoded, have been discussed [3], for which, the objective of this proceeding WI [1] is to:

· Specify enhancements on reference signal in the following areas

· 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
· Specify enhancements on CSI reporting in the following areas

· 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

In this contribution, beamformed CSI-RS based scheme will be discussed, while the discussion on non-precoded CSI-RS based scheme could be found in our companion contribution [4]. As summarized in TR 36.897, beamformed CSI-RS based scheme are those schemes where CSI-RS ports with narrow beam widths which cannot grant wide coverage. With this new form of CSI-RS, some potential specification enhancements may include:

-
Measuring one or multiple beamformed CSI-RS resources. 

-
Indicating selection of one or multiple resource(s)

-
CSI reporting, such as CQI and/or PMI(s)/RI(s), associated with the selected resource(s)

-
Enhancements of the definition of CSI process, CSI-RS resource, CSI, and/or DRS over Rel.12

To implement such schemes, eNB may need to get the CSI measurement report including beam index, CQI, RI, to determine the beam weights. From the perspective of a serving eNB, beamformed CSI-RS resource can be controlled and allocated either cell-specifically or UE-specifically, or aperiodically, with the different number of CSI-RS process/resource/port for different schemes. For example, in scheme 1 of TR 36.897, a UE could be configured with a single CSI process and a single NZP CSI-RS resource. In scheme 2, similar to scheme 1, a UE could be also configured with a single CSI process and a single NZP CSI-RS resource, but the CSI reporting is characterized by port selection.  In scheme 3, a UE could be configured with a single CSI process and multiple NZP CSI-RS resources. In scheme 4, a UE could be configured with multiple CSI processes with a single NZP CSI-RS resource for each CSI process. In scheme 5, a two-step process which consists of DRS selection and CSI-RS resource selection, along with their associated CSI reporting, is utilized.
2. Discussion on beamformed CSI-RS for EBF/FD-MIMO
Based on the exemplary schemes summarized in TR 36.897, we give some consideration below on detailed design.
· Discussion on beamformed CSI-RS
Figure 1 shows a general beamformed CSI-RS mapping, where a vertical beam for V_CSI-RS, and one horizontal beam for H_CSI-RS are transmitted at eNB. When multiple beam have been configured for CSI-RS transmission with multiple CSI-RS resources configured as in scheme 3 in TR36.897, the measurement resources of CSI-RS for different beams could be multiplexed in time domain, frequency domain or code domain. Naturally, different beams may have different spatial orthogonality between each other. One possible way to deal with this issue is to use both CDM and FDM/TDM to multiplex these beams. For example, with beams with good orthogonality, the CDM method could be used and the beam index is used for initialization of the pseudo-random sequence. On the other and, with high correlation between beams, the FDM or TDM method could be used, for which different resource configurations or subframe configurations are used. 

As an alternative, different ports could be utilized for separating different beams similar as scheme 2. For example, for those beams with good orthogonality, the ports using CDM, such as port 0 and port 1, or port 2 and port 3, can be configured to these beams. On the other hand, for those beams with higher correlation, the ports using FDM, such as port 0 and port 2, or port 1 and port 3, can be configured to these beams, and similar port mapping could be utilized for ports 4~7 with 8-port CSI-RS configuration.
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Fig.1 Example of beamformed CSI-RS configuration
Proposal 1: CSI-RS beamforming could be performed in TDM, FDM or CDM, and/or combination of TDM, FDM and CDM, or by port mapping.

· Two-step CSI-RS configuration

To further improve system capacity, a two-step CSI-RS configuration, i.e., a second CSI-RS transmitted with precoding based on the feedback from the first CSI-RS, could give more accurate channel estimation, which belong to the category for scheme 5 in TR36.897. One example for illustration is shown in Fig.2. With a further refinement based on scheme 5, the first CSI-RS is used to obtain CSI in vertical dimension. The eNB uses the vertical feedback PMI to calculate precoding for the second CSI-RS. The feedback CSI from the second CSI-RS contains PMI/CQI for joint azimuth and vertical dimension. Therefore the performance gain could approach that from full CSI-RS and full feedback. The CSI feedback from the vertically-precoded CSI-RS reflects the CSI of the actual data transmission more accurately and reduces the CSI computation error at eNB. 
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Fig.2 Two-step CSI-RS configuration
Proposal 2: Two-step CSI-RS configuration should support horizontal and vertical dimension precoding separately.
· Discussion on simultaneously configuration of non-precoded CSI-RS and beamformed CSI-RS
From current TR text [2], the beamformed CSI-RS based scheme includes methods where CSI-RS ports have narrow beam widths and hence not cell wide coverage, and at least some CSI-RS port-resource combinations have different beam directions, and this kind of CSI-RS could be cell specific, or UE specific. On the other hand, non-precoded CSI-RS based schemes include methods where different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage. And normally, this non-precoded CSI-RS are cell specific. It’s naturally not necessary to preclude simultaneous configuration of both types of CSI-RS from the perspective of UE side. 
When both beamformed CSI-RS and non-precoded CSI-RS are configured by eNB, it’s necessary to define the configuration and feedback framework in terms of feedback order/periodicity, etc. considering limitation of the feedback overhead. For example, the base station could configure multiple CSI-RS type’s transmission, in different subframe, or in the same subframe, with periodical or aperiodical transmission. For aperiodical beamformed CSI-RS transmission, the eNB will be triggered to transmit beamformed CSI-RS, and also the UE will be triggered to measure the channel based on the transmitted beamformed CSI-RS by PDCCH detection. When both types of CSI-RS presented in one subframe, the UE will feedback two CSI report at different feedback channel (PUCCH and PUSCH), or report only one type of CSI measurement, and drop the other one based on predefined order, or indicated by eNB. In other words, when both CSI configuration occurs, the measurement and feedback framework should be defined in the specification.
Proposal 3: Simultaneous transmission of beamformed CSI-RS and non-precoded CSI-RS should be supported and corresponding configuration and feedback framework should be defined.

3. Conclusions
Based on the above discussion, our proposals for beamformed CSI-RS based scheme are as follows:
Proposal 1: CSI-RS beamforming could be performed in TDM, FDM or CDM, and/or combination of TDM, FDM and CDM, or by port mapping.
Proposal 2: Two-step CSI-RS configuration should support horizontal and vertical dimension precoding separately.
Proposal 3: Simultaneous transmission of beamformed CSI-RS and non-precoded CSI-RS should be supported and corresponding configuration and feedback framework should be defined.
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