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1 Introduction

The SI of elevation beamforming (EBF) and FD-MIMO targets to evaluate the performance gain and potential enhancements for downlink transmission schemes incorporated with 2D active antenna arrays [1]. Based on the active antenna systems (AAS) architecture outlined by RAN4, the arrangements of antenna ports, TXRU, and antenna elements are indeed critical to the performance and should be carefully examined in this SI. In RAN1 #78bis, the TXRU model has been agreed as following [2]:
· TXRU model 1
· A TXRU model configuration corresponding to an antenna array model configuration (M,N,P) is represented by (MTXRU,N,P)
· MTXRU = number of TXRUs per column per polarization dimension:
· MTXRU = 1, 2, 4, 8
· MTXRU ≤ M
· A TXRU is associated with antenna elements with the same pol only
· Total number of TXRUs is MTXRU ⨉ N ⨉ P
· Other TXRU models FFS
· Remark 1: TXU and RXU can be separately modeled in other models
· Remark 2: 2D antenna virtualization can be considered
· Remark 3: TXRU association with both pols can be considered
· Proponent companies are encouraged to bring proposals for these models
Moreover, further agreement on TXRU virtualization has been reached in RAN1 #79 [3]:

· TXRU virtualization models
· For a given array antenna configuration, the Baseline and Enhancement cases can 

· assume different virtualization weight vectors ( for1D or 2D virtualization)

· assume different TXRU architecture options (e.g. sub-array architecture, full-connection architecture, 2D architecture)

· Companies are encouraged to additionally provide both baseline and enhancement case results for the same architecture option

· Introduce the following TXRU virtualization model:

· Sub-array partition model 2

· q(i)=w(i)x(i), i=1, .., MTXRU
· The length of w(i) is given by K = M/MTXRU
· w is given by
· a. Option A: [image: image1.png]



· b. Option B: wk(i) as given by the proponent company

· The description for 2D TXRU virtualization model to be provided on Thursday
· Note: Companies are free to choose TXRU virtualization models not agreed in RAN1.
For FD-MIMO, where the number of antenna ports is much larger than the existing standard, enhancement of reference signal design and feedback mechanism should be studied in bid to accommodate FD-MIMO scheme. The objective of this contribution is to provide some of our views on CSI-RS antenna port virtualization and CSI feedback issues.
2 Two-Dimensional CSI Feedback
In TDD mode, downlink CSI can be acquired by the eNB via uplink channel estimation based on channel reciprocity, as long as calibration is properly implemented. Such property is, however, not easy to exploit in FDD mode, so CSI at eNB can only be obtained with UE reporting. Due to a potentially much larger number of antenna ports in FD-MIMO, the current specification in Rel-12 (where the max. number of antenna ports is 8) may not be sufficient. In particular, a precoder codebook with a much higher resolution is needed to properly capture the channel status if the max. number of antenna ports is increased from 8 to 32 or even 64, which results in a heavy feedback load for PMI reporting. On the other hand, as orthogonal resources are required for channel measurement of multiple antenna ports, reference signals allocation for a large number of antenna ports may consume a great portion of resource elements, which is apparently not efficient. 
In order to reduce efforts on design of new codebook and feedback mechanisms, the eNB may alternatively configure two independent sets of CSI-RS resources for channel measurements corresponding to horizontal and vertical dimensions of the 2D antenna array respectively. In such set up, each CSI-RS port for horizontal dimension is mapped to a set of TXRUs comprising a column; similarly, each CSI-RS port for vertical dimension is mapped to a set of TXRUs comprising a row. Such CSI-RS antenna port virtualization is illustrated in Figure 1.
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Figure 1: Independent CSI-RS configuration for CSI measurements corresponding to horizontal and vertical dimensions.

Once both horizontal and vertical CSI are derived by the UE, this information can be reported to the eNB for it to derive the composite RI, PMI and CQI corresponding to the 3D channel. In particular, the PMI can be computed as the Kronecker product of horizontal and vertical PMIs. Note that precoder codebook for horizontal and vertical CSI can be different due to disparate channel characteristics.
Moreover, adaptation rate between horizontal and vertical CSI may be different, so the reporting period can be configured differently to improve the efficiency, i.e. one CSI is reported more frequently than another. This could be implemented using CSI process defined for TM10.
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Figure 2: Different reporting periods for horizontal and vertical CSIs.
Proposal 1: For 2D antenna array, separate configurations of channel measurements and CSI reporting for horizontal and vertical spatial dimensions should be considered.
3 Adaptive TXRU Virtualization
It has been agreed that TXRU virtualization can be classified into two types: subarray-based and fully-connected. The performance of elevation beamforming depends on whether the current antenna virtualization scheme is appropriate for the prevailing location and channel status of the UE, i.e. if the electrical downtilt is configured suitably. Thus, adaptation of TXRU virtualization is an intuitive approach to improve the performance. In order to support adaptive antenna virtualization, enhancements on CSI feedback mechanism can be considered. That is, the virtualization details such as subarray patterns and weights can be recommended by the UE via CSI reporting. Moreover, the UE can be configured by the eNB to report multiple CSI processes, where each CSI process is derived under a specific hypothesis of antenna virtualization pattern. Thus, the eNB can carry out antenna virtualization with a higher flexibility in implementation. Figure 3 illustrates an example of measurements and reporting of CSIs corresponding to two different sub-array TXRU virtualization patterns.
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Figure 3: An illustration of CSI-RS configurations under multiple different TXRU sub-array virtualization patterns.
Proposal 2: Adaptive TXRU virtualization can be considered. Realization via configuring multiple CSI-RS and CSI processes should be studied. 
4 Conclusions
This contribution describes some of our view on feedback enhancements for 2D active antenna arrays, including two-dimensional CSI feedback and CSI reporting mechanism for adaptive TXRU virtualization. The specific proposals are:
Proposal 1: For 2D antenna array, separate configurations of channel measurements and CSI reporting for horizontal and vertical dimensions should be considered.
Proposal 2: Adaptive TXRU virtualization can be considered. Realization via configuring multiple CSI-RS and CSI processes should be studied. 
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