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1. Introduction

In [1], it was agreed to study the performance benefits of standards 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 for baseline performance evaluation and phase 2 for enhancement study. 
In RAN1#80 high level categories of potential CSI-RS and feedback enhancement schemes are agreed:

· Enhancements related to beamformed CSI-RS-based schemes

· Enhancements related to non-precoded CSI-RS-based schemes

· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS

· Enhancements related to non-codebook based CSI reporting for TDD

· Enhancements related to SRS

This contribution provides some observations on standards enhancements for beamformed CSI-RS schemes and hybrid CSI-RS schemes for 3D MIMO transmission.
2. Enhancements of Beamformed CSI-RS
2.1. Beamformed CSI-RS with Multiple CSI Processes
For TDD system, the eNB can obtain the CSI from uplink channel and SRS estimation; the precoder can be determined by eNB based on the channel reciprocity, the beam directs to UE. Thus only one CSI process is required, and UE may feed back the CQI, and RI based on the beamformed CSI-RS. 
For FDD system, due to the poor channel reciprocity between downlink and uplink channels, the eNB still need some feedback from UE to select the appropriate vertical precoder. In order to avoid introducing new CSI-RS pattern design, we propose to reuse current horizontal CSI-RS port definitions and configurations. For a R11 and above, beamformed CSI-RS can be implemented by enabling multiple CSI-RS configurations originally designed for CoMP UEs’ cross-cell CSI measurements. The major benefit of such a solution is that it can avoid new CSI-RS pattern definitions. The main motivation is that updating rate and spatial granularity of vertical domain are very different from horizontal domain. The vertical TXRU would be precoded and embedded into each horizontal CSI-RS port. The UE will be configured with multiple CSI processes by high layer signalling where each CSI process will be used to probe 3D beamforming gain for one vertical precoding. Please note that the UE has no knowledge about the procedure of vertical precoding and will only do normal horizontal PMI/RI/CQI measurement for horizontal CSI-RS ports where vertical beamforming gain has been embedded inside. If the UE is scheduled to feed back the RSRP/CQI/RI for every CSI-RS process, the eNB will select the vertical beam for UE according to CSI-RSRP or CQI. If the UE is scheduled to feedback the best vertical beam index and corresponding CSI/RSRP/CQI/RI, the eNB will use corresponding beam selected by UE for further transmission.
For MU-MIMO in vertical domain, the UE needs to feed back its preferred vertical beam index, and also feedback the best companion vertical beam index(s) in order to minimize MU interference. The eNB will pair UEs depending on the received feedback information.
The disadvantage of beamformed CSI-RS with multiple CSI processes is that the number of vertical precoders would be limited by the maximum number of parallel CSI processes. However such a drawback can be relieved if we combine non-beamformed CSI-RS and beamformed CSI-RS approaches or define finer granularity of beam measurement, e.g. per CSI-RS port. Note that the candidate vertical precoders for downlink beamforming are cell specific. The concept is similar with codebook design which is limited by codebook size and shall be applied to all UEs/cells. 
2.2.  Hybrid CSI-RS

In the hybrid CSI-RS scheme, we can use non-beamformed CSI-RS to select a coarse vertical PMI firstly with a slow updating, and then use beamformed CSI-RS (e.g. only 2 CSI processes) to do a finer vertical PMI selection with a relatively fast updating. It can also avoid the concern of 3D CQI reconstruction or any specification changes. The eNB will select vertical precoder or vertical precoder cluster based on the non-beamformed CSI, and perform beamformed to CSI-RS in the second stage, the UE can feed back beamformed CSI (B-CSI), B-CQI, B-RI, and/or beamformed beam index (B-BI) to eNB to perform finer beam selection and further transmission as described in section 2.1. The non-precoded CSI-RS related feedback would be a long term process for vertical domain. And beamformed CSI-RS then can be a short term process for UE performing the latest update for finer beam selection across both V and H domains, and also assist scheduling decision at the eNB. 
For MU-MIMO in vertical domain, the hybrid CSI-RS will support eNB to pair the UEs with non-beamformed CSI. The UEs do not need to feed back its best companion PMI in this scheme. However, some vertical precoders for UE pairing should be designed to be orthogonal in order to mitigate MU interference. Generally speaking since non-beamformed CSI-RS in this approach is only used for a coarse vertical beam selection, we don’t see a strong motivation of introducing new vertical codebook design, e.g. reusing existing 2/4/8 Tx codebook.
3. Conclusion
In this paper, we provide our view on schemes in 3D MIMO system with beamformed CSI-RS with multiple CSI processes and hybrid beamformed CSI-RS to avoid the limitation of maximum number of parallel CSI processes.
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