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1 Introduction
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Figure 1 General FD-MIMO architectures

Figure 1 illustrates general 2D active antenna system (AAS) architecture. The 2D rectangular active antenna array comprises NH columns and M rows. S streams feed S TXRUs, and the S TXRUs feed each column of antenna elements. The 2D AAS illustrated in Figure 1 have great potential to improve spectral efficiency (as shown in a companion contribution [1]) when elevation degrees of freedom are properly exploited in addition to the azimuth one. The architecture in Figure 1 is quite generic, and allows us many operation scenarios for FD-MIMO systems. This contribution discusses FD-MIMO operations with the 2D active antenna systems. 
2 FD-MIMO Architecture and Operations
In a high-level, an AAS operation scenario can be characterized by two-stage mapping: (1) antenna port to TXRU mapping; and (2) TXRU to antenna element mapping (or radio distribution network). In Figure 1, S vertical logical ports feed S TXRUs associated with a column array. The vertical logical ports (TXRUs) here may not necessarily one-to-one mapped to antenna ports. Antenna port to TXRU mapping typically happens in baseband, and the mapping can be frequency-selective and dynamic. Some examples are discussed below:

· CRS antenna ports: For 1 CRS coverage beam construction, for example, an antenna virtualization precoding vector of size NH·Sx1 can be applied to feed all the NH·S logical ports. 

· CSI-RS antenna ports:
· Full CSI-RS antenna ports: For facilitating most accurate 3D-channel CSI estimation at the UE side, eNB can configure NH·S number of CSI-RS antenna ports, in which case CSI-RS antenna ports are one-to-one mapped to the same number of logical ports (and TXRUs). 

· Azimuth CSI-RS antenna ports only: For facilitating CSI estimation in azimuth domain only, an antenna virtualization vector of size Sx1 can be applied for each column, to feed the S number of TXRUs associated with M antenna elements comprising a column.

· Partial CSI-RS antenna ports: For flexibly configuring 3D-channel CSI estimation at the UE side with aiming to achieve a good tradeoff between performance gain and signalling/feedback overhead, eNB can configure N (≤ NH·S) number of CSI-RS antenna ports. In this case N CSI-RS antenna ports will be distributed to the NH·S number of logical ports, according to a virtualization precoding matrix. 

· DMRS antenna ports: For rank-r PDSCH transmission whose demodulation reference is DMRS, a DMRS antenna port can be constructed with applying a beamforming vector of size NH·Sxr, to feed all the NH·S logical ports.

· TDD Channel reciprocity operation: When TDD channel reciprocity is available, DL channel directions can be estimated from UL channel sounding. In this case, NH·S number of TXRUs will be used for channel sounding, but only small number of virtualized CRS or CSI-RS antenna ports may be sufficient for CQI estimation.
The radio distribution network in Figure 1 is another stage of antenna virtualization, which is typically performed in RF domain and hence this virtualization is not frequency selective. It is noted that two example constructions of radio distribution network, i.e., fully-connected and subarray-partition, have been discussed in a companion contribution [2].
Among CSI-RS antenna port mapping examples, full CSI-RS antenna port mapping is likely to give the most gain for FD-MIMO operation, and it is the simplest as it does not require antenna virtualization. Hence, it is proposed to take full CSI-RS antenna port mapping as baseline for performance evaluation purpose, and to further study other CSI-RS antenna port mapping methods. 

Proposal 1: For CSI-RS antenna port mapping, 

· Take full CSI-RS mapping (or one-to-one mapping between CSI-RS and TXRUs) as baseline for performance evaluation purpose. 

· FFS for other CSI-RS mapping methods 
3 Vertical Sectorization
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Figure 3 Vertical sectorization architecture

In case of vertical sectorization, the S input streams to S TXRUs may correspond to S vertical sectors. In Figure 3, two vertical sectors are formed with two TXRUs per column of antenna elements. The antenna virtualization precoding vectors applied to the two TXRUs are likely to be tilted towards two different elevation angles, 
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. A simple way to characterize the antenna virtualization precoding in this case would be to use the DFT weights agreed in TR36.873 [3], but tapering windows can also be applied to reduce side lobes of the elevation-domain beams at the expense of increasing the elevation beam width. The performance with vertical sectorization with the DFT weights is presented in a companion contribution [4]. 

4 Conclusion
This contribution has examined FD-MIMO architecture and antenna port to TXRU mapping. Regarding CSI-RS antenna port mapping the following is proposed:

· Take full CSI-RS mapping (or one-to-one mapping between CSI-RS and TXRUs) as baseline for performance evaluation purpose. 

· FFS for other CSI-RS mapping methods 
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