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Introduction: Smart Beam Steering Antennas

This document focuses on the capabilities of smart beam-steering antennas (SBSAs) in the context of extending WiMAX IEEE802.16n standard. For the purpose of this document, SBSAs are defined as antennas are able to form narrow directional beams (with relatively low side lobes) that, under the control of an associated WiMAX radio incorporating beam management functionality, can be electronically steered towards an intended target of transmission/reception. SBSAs provide beamforming gain (as opposed to diversity gain that results from the use of MIMO-type smart antennas). 

Typically, SBSAs are able to provide:

a) A full 360° angular coverage, providing ‘n’ equally spaced directional beams and an omni-mode, (i.e. a cylindrical antenna)

or 


b) A limited (e.g. ±45°) angular coverage, providing ‘m’ equally spaced directional beams with a 90° wide sectoral beam. (i.e. a planar antenna).

In addition, SBSAs may include selectable nulling capabilities (i.e. the ability to generate well-formed beam patterns that include deep nulls adjacent to the main beam) and multi-lobed patterns, where it may be desirable to cover only selected areas (e.g. a figure of 8 directivity pattern up and down a street).

Note that, although MIMO-type smart antenna configurations are not explicitly covered by this document. Nevertheless, SBSAs can support MIMO type operation either through polarization diversity (through dual slant or V/H operation) or by using multiple SBSAs. Dual polar SBSA also provides channel diversity allowing SBSA configurations to be adapted to variety of conditions (e.g. LOS or multipath).

General Advantages of Smart Beam-Steering Antennas 

SBSAs provide the following advantages:

1) Relative to omni-directional and/or sectoral antennas, the narrow beams generated by SBSAs provide higher levels of gain, leading to enhanced link budgets. This improvement in link budget translates into higher data rates and/or increased range (reducing network density). In addition, narrow beams and low sidelobes, mean that SBSAs suppress both co-network and cross-network interference. Selectable nulling features provide addition levels of interference suppression. 

2) Relative to high-gain directional antennas, SBSAs can be steered (i.e. switched) at high speeds and in real time (on, for example, a sub-frame-by-sub-frame basis). Although simple directional antennas can be steered through mechanical actuation, such systems are slow to steer, increase mast-loading requirements and require regular maintenance. SBSAs are compact, lightweight and require no on-going maintenance.

Higher Reliability using SBSAs

In terms of general improvements to network reliability, necessary for disaster management or emergency service deployments, the SBSAs, facilitate fast reconfiguration of network routes, between single and multi-hop relay nodes and also directly between base-stations and mobile stations using smart antennas.  

Given, for example, a natural disaster or a deliberate attack, SBSAs can allow :

(a) graceful network degradation to occur through network re-configuration,

(b) continued functionality of the unaffected regions of the network,

(c) a degree of network recovery by resource reallocation should backbone connections be lost (dynamic self-healing).

(d) Nomadic nodes incorporating SBSAs can rapidly discover adjacent network nodes, enabling new network infra-structure to be deployed quickly and so fill any network gaps created by the disabled infrastructure.

Furthermore, due to the combination of  narrow beams, low sidelobes and  selectable nulls, the vulnerability of the network to interference caused by co-network or cross-network interference or, even, hostile (e.g. terrorist) jamming is dramatically reduced.  

SBSAs lead to improved sustainable link capacities and overall higher reliability.

SBSA Usage Scenarios in High Reliability Networks 

High Reliability Mobile Station (HR-MS) Deployment 

High reliability mobile stations (HR-MS), including public safety, emergency response and others, may have a need for fully mobile or nomadic (on-the-halt) network connectivity. To date, fully mobile operation has generally required omni-directional antenna(s) to be deployed at the HR-MS in order to accommodate the continually-changing orientation of the mobile station (e.g. a vehicle). For on-the-halt (nomadic) operation, high-gain directional antennas have been deployed through the use of mechanical actuation to align the antenna to the target BS or RS (or towards another HR-MS in the case of direct communication between HR-MSs). Smart beam-steering antennas provide the following improvements in operation in these two scenarios:

· Mobile operation: the directional beam of the cylindrical SBSA (360o FoV) can be dynamically aligned/re-aligned towards the target BS or RS in real time in order to maintain the optimal connection. The directional gain provides higher gain/link budget than the omnidirectional alternative. The directional beam generates less co-network interference and is less susceptible to other sources of inference. 

· Nomadic “on-the-halt” operation: an SBSA can be aligned to the intended target much more rapidly than a directional antenna using manual or mechanical actuation, allowing a communication link to become operationally far more quickly. This rapid deployment capability may provide critical times savings in emergency and mission critical scenarios. Previously stated advantages in terms of mast load and maintenance also apply to this scenario.

HR-RS Deployment 

RSs can be either static (i.e. fixed) or dynamic/ad-hoc (for example, when a nomadic/on-the-halt HR-MS also acts as a RS within a dynamic/ad-hoc mesh network). In addition, RSs can be based on either single or multiple radios, covering one or more sectors. An SBSA can be deployed on a 1:1 basis with each of these radios, with a field of view corresponding to the sector of coverage being served. The use of a SBSA at a RS allows a high gain directional beam(s) can be multiplexed between BSs, RSs and other HR-MS within the sector. In this scenario, SBSA provide benefits in terms of 

(i) higher gain/link budget (relative to the omni-directional or fixed-beam sectoral alternatives) 

(ii) reduction in levels of interference generated and received.

HR-BS Deployment

In this scenario, SBSAs are deployed at HR-BSs to communicate with other network nodes (HR-RSs, HR-MSs). SBSAs supporting very high-speed beam switching (<500ns) enable high-gain directional beams to be multiplexed between target network nodes on a sub-frame by sub-frame basis. As with the other scenarios, the resulting benefits include improved link budget and receive sensitivity, plus improved interference rejection and a reduction in the levels of co-network interference generated.

General Smart Antenna Requirements

In summary, the IEEE16n standard, from the perspective of smart antennas, should allow for a variety of SBSA types with either full 360° or restricted fields of view (e.g. ±45°) in either case, a multicast capability (an omni or a sectoral beam) is required.  The ability to reduce interference by narrow beam operation using low sidelobes, null steering or both is a further requirement.   This facility also improves the link budget and the overall capacity of the network for varied conditions.  Dual polar operation is a desirable capability in terms of higher reliability using either diversity or MIMO operation. The introduction of combined azimuth/elevation beam steering is an optional requirement that could facilitate more robust nomadic deployment and superior traffic management according to time-of-day variations.

Text Proposal for IEEE 802.16n AWD

Note:

The following text is to be inserted into a new section 17.1.5 called Antennas in the AWD

The text in BLUE color: the new text added to the antenna section

[-------------------------------------------------Start of Text Proposal-----------------------------------]
The HR-Network shall operate independently of the antenna type (conventional or smart-antenna) used on HR-MS, HR-RS and HR-BS.

HR-MS, HR-RS and HR-BS should support beam steering operation (azimuth, elevation or both) to facilitate more robust nomadic deployment and superior traffic management.

