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1
Introduction
This WI aims for providing specification supports for reaping the potential system throughout gain from large active antenna (AA) arrays (comprising up to 64-128 TXRUs) in wider deployment scenarios (including high speed UEs and higher-order MU spatial multiplexing) by enhancing pertinent reference signals (RSs), CSI (Channel State Information) reporting mechanism, and transmission schemes.  
Based on the conclusion from the EB/FD-MIMO study item (captured in TR36.897), some relevant specification support was developed for EB/FD-MIMO in Rel-13 by enhancing DL CSI and DL demodulation reference signals (DMRS) as well as CSI reporting mechanism. However, only a part of the proposals resulting from the study have been specified. First, only up to 16 antenna ports are supported. Therefore, the benefit from active antenna arrays with more than 16 TXRUs is limited. Second, there is no enhancement on CSI reporting to enable efficient MU (multi-user) spatial multiplexing. Lastly, there is no support for providing higher robustness against CSI impairments (such as inter-cell interference or higher-speed UEs). The eFD-MIMO WI for Rel-14 was proposed to address these Rel-13 limitations.
2
Description
The following new functionalities have been specified:

· Enhanced non-precoded CSI-RS: New non-precoded CSI-RS patterns for 20, 24, 28, and 32 ports intended to aid CSI measurement and reporting for base stations (transmission points) equipped larger AA arrays. The frequency density of these new patterns can be configured between normal and reduced density values.  
· Enhanced beamformed CSI-RS: Three mechanisms to enable more efficient usage of UE-specific beamformed CSI-RS resources (e.g. to allow more UEs to share a pool of CSI-RS resources) – aperiodic CSI-RS (where a UE is configured to measure CSI-RS in a given subframe for reporting aperiodic CSI), multi-shot CSI-RS (where a UE is configured to measure periodic CSI-RS and report periodic/aperiodic CSI in a limited time period), and configurable frequency density reduction.
· Enhanced UL DMRS: To increase the number of orthogonal UL DMRS ports (to increase multiplexing capacity), UL DMRS patterns with lower IFDM/comb density   
· Precoding codebook extension for non-precoded CSI-RS: Since non-precoded CSI-RS design is extended to additional number of ports (20, 24, 28, and 32), the precoding codebook designed in Rel-13 for 8, 12, and 16-port CSI-RS is extended to support these four additional number of ports.
· Joint utilization of different CSI-RS types: Two mechanisms to facilitate efficient joint utilization of two distinct types of CSI-RS – first mechanism between non-precoded CSI-RS and one-resource beamformed CSI-RS, second between multi-resource beamformed CSI-RS and one-resource beamformed CSI-RS. Relevant enhancements include CSI reporting optimization and the associated DL signalling support.  
· Advanced (high-resolution) CSI for MU spatial multiplexing: High-resolution dual-stage codebook for facilitating 1- and 2-layer DL transmission per UE and improving MU precoding at the base station. The codebook is designed based on the concept of beam (precoder basis) combination and allows finer quantization of channel eigenvectors at the UE.
· DMRS-based semi-open-loop transmission: A diversity-based transmission scheme aided by partial reporting of PMI (precoding matrix indication) for 1- and 2-layer transmission. The partial PMI reporting enables the base station to perform diversity operation combined with wideband/long-term beamforming. Compared to a typical DMRS-based precoding, this transmission scheme tends to be more robust for high-speed UEs and against inter-cell interference. 
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