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Introduction
Papers have been submitted [1][2] demonstrating the significance of antenna tilt in calculating coupling loss. This paper offers antenna tilt considerations for the AAS study item. Text is proposed for the technical report.
Discussion

Antenna tilt is an important tool for optimizing coverage. Selecting the correct tilt angle not only maximizes coverage within the intended coverage area, but it also serves to minimize interference to and from neighbouring coverage areas. The degree of tilt employed in a system is influenced by various factors including the antenna height, cell size, terrain of the coverage area, environment (e.g., rural vs. urban) and so on. Network planning tools can help estimate tilt angle for individual sectors, but system optimization is often an ongoing, interative process in which antenna tilt can be changed many times.
Coverage areas in real deployments are often irregularly shaped and sized. Tilt angles are based mainly on specific deployment considerations, so it’s hard to suggest any guidelines for selecting a single tilt angle for the AAS study item based on field experiences. Reference [3] suggests selecting a tilt angle between 8-10 degrees for an ISD of 500m and antenna height of 30m. Generalizing this rule for other ISDs and antenna heights suggests selecting a tilt angle such that the main lobe of the radiation pattern is directed at a point separated from the base station by 37.5% of the ISD, or 1.13 × the cell radius (see Figure 1).
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Figure 1 Tilt angle geometry proposal

Antenna tilt is typically implemented in conventional base stations by adjustment of some sort of mechanism which physically sets the angle of the antenna relative to the horizontal plane. In the simplest case, the antenna is attached to the antenna mast with an adjustable bracket. Some antennas provide integral mechanisms to adjust the tilt by physical adjustment of a single screw mechanism or shaft. These are simple and robust devices, but they require a technician to physically climb an antenna tower each time an adjustment is required. 
Several companies offer Remote Electrical Tilt (RET) products which allow the antenna tilt for a given cell to be modified under control of a computer at a remote location. Some products are essentially mechanical devices that physically change the mounting angle of the antenna. Other examples of RET include devices that alter phase shifting networks under remote control within the antenna panel. 
Tilt in AAS systems

In AAS systems, directional aspects of the composite radiation pattern are controlled through both mechanical and electronic means. Hence, the direction of maximum gain for a single sub-array element may be different than the direction of maximum gain for the composite pattern. 
One of the objectives of the AAS study item is to study “Transmitter and receiver characteristics and their impact on system performance and co-existence” [3]. As an example, consider the receiver blocking requirement, which specifies the receivers “ability to receive a wanted signal at its assigned channel in the presence of an unwanted interferer” [4]. Receiver blocking is basically a measure of how the receiver performs under strong signal overload, and is mainly a test of the receiver LNA and front-end. In an AAS system, the receiver is directly connected to a subset of the antenna array. Any simulation of the blocking performance of an AAS receiver should therefore be based on the characteristics (i.e., the radiation pattern and horizontal orientation) of the sub-array and not the composite antenna pattern. This may also apply to other receiver characteristics such as narrowband blocking or receiver intermodulation. Similarly, transmitter characteristics, such as uncorrelated transmitter noise, should be evaluated based on the characteristics of the sub-array and not the composite antenna pattern.
Conclusions

Simulations should use the characteristics of antenna sub-arrays for evaluation of single-transceiver performance specifications.
For composite antenna patterns, the tilt angle should be selected such that the main lobe of the beam is pointed at a point that has a ground distance which is 37.5% of the Inter-Site Distance (ISD). Relative tilt between the composite pattern and the pattern of individual sub-arrays should be part of the simulation study.
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<text proposal>

5.1.1
Tilt and beamwidth control

Antennas are usually manufactured with a fixed beamwidth, and antenna manufacturers typically offer a limited number of beamwidth variations within their conventional product lines. Conventional BS installations often introduce physical tilt to the antenna in order to orient the main lobe of the antenna response towards the ground. Antenna tilt is selected to optimize desired cell coverage and to minimize interference to and from adjacent cells. Some installations employ Remote Electrical Tilt (RET) devices which allow adjustment to the antenna tilt angle under remote control.

An AAS can control the tilt and beamwidth of its radiation pattern via purely electronic means, potentially supporting better resolution than what is possible in a conventional BS. Electronic tilting is used along with physically tilting the AAS radiators to optimize the AAS coverage area, which improves network performance. Network performance can be further improved if the width of the beam and the tilt are allowed to adapt to the specific deployment scenario as well as changing traffic patterns. 
The concepts of tilt and beamwidth control can be extended by a technique known as cell partitioning in which the cell is subdivided in vertical or horizontal directions by adjustment of the antenna pattern.
</text proposal>
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