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1 Introduction
The applications of AAS refer to the usages of the BS station in the real network. The requirements for AAS transmitter and receivers shall be considered under certain application and deployment scenarios. The applications will be part of the RF background based on what the RF requirements are derived.
This contribution provides the brief review of the AAS applications. Text proposal for the TR [1] is attached for approval.
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[Text Proposal]
5.1
AAS applications
Typical AAS applications include Multiple Input Multiple Output (MIMO), horizontal cell splitting, or vertical cell splitting, or the combinations. The other applications, such as per-RAT down tilting, or per-carrier down tilting, and etc can be regarded as special scenarios of horizontal/vertical cell splitting where each sector operates in different carriers or RATs.

While the horizontal cell splitting might be supported by either AAS or conventional BS, the vertical cell splitting is a unique feature offered by AAS. Furthermore, the MIMO technologies might be extended in AAS where the antenna system is a configurable multi-dimensional array system.
5.1.1 Multiple input multiple output (MIMO)
The spatial dimension of the radio resources is enabled by a BS installed with multi-antenna system, and the radio signals are sampled by each array element in the spatial dimension. The radio signals are alternated by the wireless propagation channel in the MIMO system and there are correlated and uncorrelated components in the spatial dimension. The gain of the correlated components can be explored by reinforcing the transmission in certain direction so that the transmitted radio energy can be focused on the targeted receivers. The uncorrelated components can be explored for transmission of multiple data streams, or for diversity gains. The MIMO technologies generally include spatial multiplexing, transmit diversity, and beam-forming. 

In E-UTRA system, various MIMO technologies including transmit diversity, single user SU-MIMO, multiuser MU-MIMO, and dedicated beam-forming have been specified in the downlink, while the schemes to exploring the gains offered by correlated and un-correlated transmissions are jointly optimized, and dynamically configured as different transmission modes.
The transmitter diversity gain is jointly optimized in the spatial and frequency domain by meanings of Spatial-Frequency Block Code (SFBC), or Frequency Switching Transmit Diversity (FSTD), or combinations of them.

The SU-MIMO scheme is specified to support transmission of single layer or multiple spatial layers to a given User Equipment (UE) based on the rank of the MIMO channel matrix. 
The dedicated beam-forming scheme is used for data coverage extension when the data demodulation based on dedicated reference signal is supported by the UE.
The MU-MIMO scheme allows allocation of different spatial layers to different users in the same time-frequency resource, and is supported in both uplink and downlink.



5.1.2 Horizontal cell splitting

With multiple column array elements, the AAS generates multiple beam patterns in the horizontal plane. Each beam pattern can serve one sector of the cell and multiple sectors can be generated by AAS. Figure 5.1.2-1 shows an example that the 3-sector cell can be split as 6-sector cell by AAS.
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Figure 5.1.2-1 Horizontal cell splitting
5.1.3 Vertical cell splitting

Similar as horizontal cell splitting, the AAS with multi-row array elements generates multiple beam patterns in the vertical plane. Each beam pattern can serve one sector of the cell and multiple sectors can be generated by AAS. Figure 5.1.3-1 shows an example that the 3-sector cell can be split as dual-layered sectors by AAS.
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Figure 5.1.3-1 Vertical cell splitting
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