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1 Introduction
In the RAN#71 meeting a Rel-14 work item on Enhancements on Full-Dimension MIMO for LTE was approved [1]. One of the objectives defined in the work item is to evaluate and specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS). In this contribution we provide our views about the possible utilization of NZP CSI-RS based interference estimation and CQI reporting for link adaptation.
2 Discussion
In Class B FD-MIMO with cell-specific CSI-RS transmission, the CSI-RS may be transmitted with different vertical beamforming to create virtual sectorization of multiple vertical cells. The MU-MIMO in this case, can be supported by UE multiplexing in the different vertical cells and/or UE multiplexing within the vertical cell. The example, of the MU-MIMO multiplexing across vertical cells is shown in Figure 1.
In TM10, the possible MU-MIMO interference for CQI in such a scenario can be obtained by configuring cell-specific CSI-IM resource in a given vertical cell. To avoid PDSCH mapping on the CSI-IM resource elements of the serving vertical cell, the ZP CSI-RS resource should be also configured on the CSI-IM. As far as CSI-IM (and therefore, ZP CSI-RS) resources across different cells are not in collision, the interference measurement on CSI-IM resource elements (REs) could capture the MU-MIMO interference from other vertical cells (see Figure 1). 
In TM9, aforementioned interference measurement is not specified; however, in the practical implementation CRS-based interference measurement is often assumed. Due to the common cell ID configuration across the vertical cells, the interference from CRS would not allow each vertical cell to capture the MU-MIMO interference contribution created by the other vertical cells.
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Figure 1: Example of MU-MIMO support and interference measurement for Class B FD-MIMO with vertically beamformed and cell-specific CSI-RS
In order to improve the MU-MIMO interference measurement performance for CQI in TM9, interference measurement on NZP CSI-RS resource configured by each vertical cell may be considered. More specifically, if the NZP CSI-RS resource of different cells is configured in such a way to collide with PDSCH resource mapping of other vertical cells, the interference measurement on the NZP CSI-RS could capture the MU-MIMO interference contribution for CSI reporting. For example, the practical interference estimators may perform channel estimation for each NZP CSI-RS antenna port; then subtract the own cell signal at NZP CSI-RS RE locations to perform interference estimation and averaging.
Although such an approach would facilitate interference measurement for MU-MIMO in TM9, several shortcomings may be foreseen. More specifically, the periodic nature of NZP CSI-RS does not allow proper tracking of interference variation caused by the dynamic PDSCH traffic on the other vertical cells. Moreover, the low density of the NZP CSI-RS signals in the frequency domain, which is 1 RE per antenna port per PRB, provides less accurate channel estimation comparing to CRS. The possible channel estimation errors would be captured as additional interference power; therefore, may noticeably bias the CQI estimation for the MU-MIMO. 
To evaluate the accuracy of SINR estimation based on NZP CSI-RS, the preliminary link-level evaluation were carried out assuming NZP CSI-RS resource with 4 antenna ports. For reference, interference measurement on CRS antenna ports were considered. Figure 2 shows the error in the estimated SINR as the median of the error distribution of the estimated SINR in dB scale for three channel models - Extended Typical Urban (ETU) channel, Extended Vehicular A (EVA) channel, and Extended Pedestrian A (EPA) channel. The interference was modelled by white Gaussian noise, and its variance is estimated on NZP CSI-RS and CRS RE positions.
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Figure 2: Median of SINR estimation error
The results show that interference estimation based on the NZP CSI-RS resource may not be accurate enough to provide reliable MU-MIMO CQI in frequency selective channels. The resulting channel estimation error leads to significant bias in subsequent CQI estimation, which may offset the benefits of MU-MIMO interference measurements.
Summary
In this contribution, we provide our views about the possible utilization of the NZP CSI-RS resource for interference measurements. The following observations were made based on the preliminary link-level evaluations:
· For TM10, the MU-MIMO interference can be measured using the existing CSI-IM framework

· For TM9, the MU-MIMO interference can be measured using NZP CSI-RS resource; however, due to channel estimation errors the accuracy of interference measurement in the frequency selective channels may be low deteriorating the subsequent MU-MIMO CQI estimation performance
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