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1. Introduction

The work item on elevation beamforming and full dimension MIMO was approved in the 3GPP RAN#68 meeting [1]. The CSI-RS and CSI feedback would be enhanced for non-precoded CSI-RS and beamformed CSI-RS as described below:

· 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

· 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

In Rel-12 SI for FD MIMO, potential enhancement on CSI-RS and CSI feedback for beamformed CSI-RS was studied. Some possible approaches and schemes were described in TR 36.897[2]. In this contribution, we compare two essential CSI-RS transmission schemes and corresponding CSI feedback frameworks for beamformed CSI-RS.

2. Discussion
From the specification perspective, whether the CSI-RS is “cell-specific” or “UE-specific” requires no standardization. To be standardized are the number of CSI-RS resources configured to a UE, the antenna ports of each CSI-RS resource, and CSI feedback mechanism. Depending on the number of configured CSI-RS resources, the following beamforming CSI-RS schemes are possible.
Alt.1: Single CSI-process with single CSI-RS resource configured per UE 
With a single CSI-process, UE reports a single RI/PMI/CQI based on the legacy CSI feedback procedure.  A few observations are noted for this alternative. 

· If not considering system performance, the framework itself is generally applicable to both cell-specific and UE-specific beamforming deployment. However for cell-specific CSI-RS (where the beam is static in the time domain), eNB is not able to track the CSI variation in the vertical domain. As such, alt-1 has been discussed mostly in the context of dynamic and UE-specific beamformed CSI-RS, as observed in the Rel.13 SI. 
· After RRC_CONNECTION establishes the single CSI-RS resource to the UE, eNB needs to obtain the initial beamforming weight on the CSI-RS. This can be acquired through uplink reciprocity measurement. Hence, Alt.1 is more suitable to TDD network. For FDD system, DRS will have to be used to obtain the initial beamforming weight. However, this requires DRS capability for the UE, additional DRS measurement processing at the UE and additional DRS overhead, and the performance is generally not promising  [3].
· Secondly, as the UE moves within the cell (sometimes rather rapidly), the beamformed weight applied on the CSI-RS also needs to change across different subframes. There are multiple solutions to achieve this. First, in TDD networks, uplink reciprocity can be used to track the UE movement, at the expense of eNB complexity. Second, a FDD eNB may cycle through multiple beamforming weight hypotheses on different subframes, and based on several instances of CSI feedback (corresponding to different beamforming hypothesis), eNB selects the optimal beamforming weight. This increases the feedback delay and CSI inaccuracy. Last, it is possible for the eNB to configure a second non-precoded CSI-RS, on which UE measures and reports the recommended beam weight for the first CSI-RS. This however doubles the number of CSI-RS resources to measure, increases UE complexity, as well as feedback delay. It is also noted that the existing LTE codebook is not designed for this purpose and the performance remains unclear. 
· Since the CSI-RS resource is UE-specific, the CSI-RS overhead scales linearly with the number of UEs, and would be significant if the number of RRC-connected UEs is large. 
· Periodic CSI feedback would suffer from dynamic beam change in different CSI-RS subframe, e.g. the RI can’t be updated accordingly for different beams. 
· As beamforming weight on different subframes may dynamically change, restriction on CSI measurement window (e.g. to one subframe) is needed to avoid subframe averaging. Naturally, the CSI estimation accuracy will suffer due to lack of channel sampling. 
As a conclusion, Alt.1 is a “nice-to-have” feature which cannot operate stand-alone. It must rely on other beamforming scheme as a pre-requisite.  Last but not least, few evaluation results of Alt.1 are available during the Rel-13 SI. It is doubtable whether this transmission scheme can provide performance gain over Rel-12 implementation based schemes without new feedback mechanism or codebook.
Alt.2: Single CSI-process with multiple CSI-RS resources configured per UE
In this option, multiple CSI-RS resources associated with different beams are configured to each UE. The CSI-RS resources can be UE-specific or cell specific. For instance, a total of 8 beams (CSI-RS resources) can be used to cover the entire cell, while a UE is configured with 4 beams adjacent to its AoA/AoDs.  UE would measure CSI-RS resources and report the selected best beam index (BI), and the corresponding CSI to eNB. 
A modest number of beams (aka CSI-RS resources) are sufficient to provide cell-wide coverage. The CSI-RS overhead is determined by the number of CSI-RS ports per resource and the beam number configured to this UE. A tradeoff can be made between the performance and the total number of CSI-RS ports. Our simulation show that N = 8 CSI-RS resources provide the best system throughput with current simulation assumption [4]. Secondly, one CSI-RS resource can be used to cover many closely located UE through spatial reuse; therefore the number of beams per cell can be much smaller than the number of RRC_CONNECTED UE. Third, if no UEs are found in a particular direction, the CSI-RS beam can be turned OFF. 
Selection of BI is based on the measurement of the configured CSI-RS resources. The measurement can be RSRP measurement or CSI measurement. RSRP measurement (e.g. possibly on all ports of a CSI-RS resource) can occur at a low periodicity and is simpler than CSI measurement. Compared to DRS measurement, using multiple ports for CSI-RS RSRP measurement (for a particular CSI-RS) results in better accuracy [3]. After BI is selected, a single RI/PMI/CQI is reported for the corresponding single CSI-RS resource. 
Since the CSI-RS resources may be cell-specific, the issues of alt.1 can be avoided. The CSI-RS transmission scheme in alt.1 can also be implemented via this option by configuration of multiple beamformed two-ports CSI-RS resources (associated with multiple polarization pairs) to each UE. Furthermore, since up to 16 CSI-RS ports can be configured for CSI feedback of one beam, the transmission capability (e.g. supported layer number) could be the same as or even higher than that in Rel-12.
Most (if not all) evaluation of beamformed CSI-RS in the Rel.13 SI is based on this transmission, and significant gain was showed over implementation based schemes according to the conclusion [2]. Hence, this CSI-RS transmission scheme and corresponding CSI feedback should be supported in Rel-13. For alt.1, we note the evaluation results are lacking in the SI phase, and its performance remains to be studied.

Proposal: Multiple beamformed CSI-RS resources and corresponding BI report are supported in Rel-13.
3. Conclusion
In this contribution, we discuss two essential CSI-RS transmission schemes and corresponding CSI feedback frameworks for beamformed CSI-RS. Since the gain of port-group specific beamforming is uncertain due to lacking of evaluation, it is proposed to support BI report based on multiple beamformed CSI-RS resources in Rel-13, which is proved to be beneficial in Rel-13 SI.
Proposal: Introduce CSI feedback comprising BI/RI/PMI/CQI based on multiple beamformed CSI-RS resources.
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