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1. Introduction

This document describes the work activities of various Working Groups, under IEEE 802, that are developing standards aimed at operating in an opportunistic manner in the TV White Space.  

For the purposes of this document, the term TV White Space (TVWS) refers to unoccupied TV channels available under a suitable regulatory regime for use by other than TV broadcast or related services. In addition, the term TV Band Device (TVBD) is used to mean a device operating under rules established for TVWS spectrum.

In order to do so, aA number of cognitive radio techniques are included in these standards as part of these standards to allow enable operation according to thein compliance with the various regulatory rules that have been or will be established by different Administrations where such opportunistic frequency re-use operation is envisagedfor their respective unoccupied TV spectrum.

2. 802.22 Wireless Regional Area Networks (WRAN)

The 802.22 standard[1] is likely to be published as an official IEEE Standard by July 2011.   It incorporates cognitive radio capabilities such as dynamic spectrum access (DSA), access to the incumbent database, accurate geolocation techniques, spectrum sensing, primary user protection beacon, regulatory domain dependent policies, spectrum etiquette and coexistence. It provides broadband access while protecting the incumbent users and using the spectrum efficiently.

The 802.22 Working Group started its work in January 2005 following the Notice of Inquiry (NOI) issued by the United States’ Federal Communications Commission (“FCC”)[2] and the first NPRM[3] on unlicensed’ operation  in the TV broadcast bands.

IEEE 802.22 WG has developed a point-to-multipoint wireless broadband air interface standard optimized for operation in the VHF and UHF TV bands, in the frequency range between 54 MHz and 862 MHz.  The standard is especially useful for serving less densely populated areas (e.g., rural areas) where most empty TV channels can be found and where population is mostly unserved or underserved by Internet broadband access services.  The base station (BS) can be accessed by fixed customer premise equipment (CPE) as well as portable devices as per local regulatory requirements.

A messaging interface for the purpose of accessing an incumbent database service is included in the standard to accommodate new US regulatory requirements. It should be noted that since the BS controls the DSA operation in this point-to-multipoint operation, the base station is used as the central point for querying the database service.  This is done by acquiring the location of each CPE and portable terminal early in the process of association, querying the database service on behalf of these terminals and locally managing the responses from the database service to decide on the next DSA action for the specific CPE or the entire network

The standard contains mechanisms for the BS to control sensing operation taking place at the CPEs and portable devices, and to report sensing results to the BS. Furthermore, regulatory dependent policies used at the BS to control the DSA behavior under various conditions are embedded in the standard. Satellite and terrestrial geolocation techniques have been incorporated into the standard.  The IEEE 802.22 Working Group took a special care for embedding security features for not just the data, control and management functions but also for cognitive functions. Based on the regulatory requirements, certain features, (e.g., sensing) can be disabled if they are not required.

Recognizing the difficulty of reliably sensing wireless microphone operations in the TV bands, a parallel standardization activity was undertaken under the 802.22.1 Task Group to develop a related standard for an RF beacon to signal the presence of wireless microphone operation in a more reliable manner. This has resulted in the publication of the IEEE Std 802.22.1™-2010 in November 2010[4].

Besides being able to detect broadcast incumbents to avoid interference, a spectrum efficient mechanism is included to detect other 802.22 WRAN operations to implement self-coexistence. This is achieved by having the available channels properly distributed among 802.22 WRAN’s operating in the same area and, if needed, distributing frame capacity amongst co-channel operating 802.22 systems for more efficient use of the spectrum.

IEEE 802.22 cognitive radio-based systems have a potential to provide broadband access to wide regional areas around the world to bring information and communication technologies to unserved and under-served communities.

3. 802.19

There are several standards projects for wireless networks in the limited TV white space.  In 2009 the IEEE identified potential coexistence issues and as a result initiated a standards project for coexistence of wireless networks in the TV white space. The IEEE 802.19.1 standards project on “TV White Space Coexistence Methods” was approved by the IEEE standards board in December 2009.

The scope and purpose of the project are provided below:

Project Scope: The standard specifies radio technology independent methods for coexistence among dissimilar or independently operated TV Band Device (TVBD) networks and dissimilar TV Band Devices.

Project Purpose: The purpose of the standard is to enable the family of IEEE 802 Wireless Standards to most effectively use TV White Space by providing standard coexistence methods among dissimilar or independently operated TVBD networks and dissimilar TVBDs. This standard addresses coexistence for IEEE 802 networks and devices and will also be useful for non IEEE 802 networks and TVBDs.

	The standard will utilize the location awareness and adaptive abilities of the TVBDs, which are capabilities that will be common in the TVBDs. 

 As part of the standard development a system design document [8] was developed.  The system design document includes a coexistence system architecture that is shown in Figure 1.  The architecture consists of three logical entities and five logical interfaces.

The logical entities are:
· Coexistence Manager (CM)
· Coexistence Enabler (CE)
· Coexistence Discovery and Information Server (CDIS).
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Figure 1 Coexistence system architecture

The coexistence system design will provide radio environment awareness to a diverse range of unlicensed TVBDs using any radio access technology by implementing a distributed, local, geographic database of unlicensed TVBDs. In addition the coexistence system will offer management services to subscribing TVBDs to implement a standardized spectrum resource allocation among the unlicensed users of the TVWS.

The IEEE 802.19 working group is currently preparing a draft standard. The first draft standard is expected in 2012.  The plan is to begin sponsor ballot in early 2013 and for the standard to be published in late 2013.


4. 802.15


5. 802.11af

The P802.11af project started in January of 2010, with the IEEE802-EC approved scope of “An amendment that defines modifications to both the 802.11 physical layers (PHY) and the 802.11 Medium Access Control Layer (MAC), to meet the legal requirements for channel access and coexistence in the TV White Space”. The Task Group (TGaf) has been working primarily on understanding the regulatory requirements, where they exist, and defining the amendment to meet the coexistence and non-interference requirements in the various regulatory domains.

Basing our initial work on the rules in FCC 08-260, our project targeted the end of 2012 as a completion date.  Changes in these regulations in the United States (in FCC 10-174), and the efforts to open these bands for unlicensed sharing both in Ofcom and the ECC, have caused us to make major modifications in our architecture, physical layer selection and security considerations.
Currently we are developing our second draft which we expect 802.11 Working Group approval of in September of 2011, completing the process and publishing the standard sometime in late 2013.

P802.11af is an amendment to the 802.11 base standard, commonly knownalso known as as Wi-Fi™, utilizing an authorized geo-location database for the determination of where, when and how it may operate.  As proposed, or as in the case of the US rules, the database informs the 802.11af device of the availability of channels and occupied adjacent channels to enable the device to find an appropriate frequency of operation to meet application needs and regulatory requirements for non-interference with licensed, authorized devices in its geographical area. It also incorporates mechanisms to operate with dynamic databases that provide additional time-sensitive information.

The P802.11af proposed physical layer uses the latest advances in RLAN technology, based on the work being done in IEEE P802.11ac, scaled to the TV channel specifications for license-exempt use, and allows for bonding two contiguous or non-contiguous channels.  This allows for sufficient bandwidth to meet the growing demands for streaming of data, voice and compressed multimedia. 

6. Conclusion

In this paper, we have summarized the current and future IEEE 802 projects that address new opportunities for spectrum utilization in the TVWS.  We believe that the information presented here will be of interest to the ITU-R membership.
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