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Introduction

As part of the discussions that took place in 802.18 on the preparation of comments on the FCC NPRM 04-186 which deals with the use of License-Exempt (LE) equipment in the VHF/UHF TV bands, a number of initial functional requirements were identified to develop the Wireless Regional Area Network (WRAN) concept sufficiently to be able to comment on interference potential to the services occupying these bands: TV broadcasting, wireless microphones and Public Safety.  This document tries to summarize the functional requirements that were identified to help initiate the discussion in 802.22.
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Functional requirements

WRAN:

WRAN’s are directed at larger regional area networks based on point-to-multipoint operation using higher power to extend the reach, especially in rural and remote areas.  They can be seen as extension of current ADSL/Cable broadband access networks in lower population density areas.  Data capacity in the range of 1.5 Mbit/s forward and 384 kbit/s return is envisaged, at this time, for the service.  VoIP with the necessary QoS and network security should also be part of the service.  The expected types of subscribers are residential as well as small and medium enterprises.  A maximum EIRP of 4 Watts for this “Fixed/Access” category of devices (base stations and CPEs) is currently proposed by the FCC, but it is believed that, in the future, subject to further studies, it may be possible for the Commission to allow higher powers for the WRAN base station.  (4 W base station and 30 mW CPE can reach 13 km, i.e., 8.3 person /km2, whereas 500 W base station and 4 W CPE can reach 35 km, i.e., 1.2 person/km2.)

Base station:

The WRAN base stations should be professionally installed
.  It would typically consist in an omni-directional antenna (18 dBi, 3 dB cable loss) mounted at 75 m above ground. The base stations will need to be registered somehow to provide a means for the incumbent services (i.e., TV broadcast, wireless microphone operators and Public Safety) to be able to identify the source of an interference problem and be able to contact the responsible WRAN base station operator, a legal entity, in order to resolve the issue.  As a minimum, a registry of the base stations in operation in an area with their coordinates and operating characteristics should be constituted and made publicly available (e.g., on a Web site).

Consumer Premise Equipment (CPE):

WRAN CPE’s (i.e., user terminals), would normally be purchased from electronic or general stores and installed by the end user who would provide the physical location of the installation through ZIP code and/or physical address when registering with the base station operator. Special attention will have to be given to the installation of the outdoor antenna to maximize the reception quality and to allow minimum power requirement for the return link, as well as to make sure that the sensing capabilities of the CPE are not impacted by local obstructions.  This would avoid broadcast signals not reaching the sensing antenna of the terminal, resulting in the terminal being allowed by the base station to transmit on a frequency that would impact reception on neighboring TV receivers, especially those close to the beam of the transmitting antenna.

A typical CPE would consist of stationary outdoor transmit, receive, and sensing antennae (a common integrated antenna system would likely be used) with relatively high gain aimed at the base station and mounted at 10 m above ground (12 dBi, 4 dB cable loss, 16 dB front-to-back and 8 dB NF).  An initial model of the WRAN CPE antenna is a double Yagi-Uda antenna, horizontally polarized for reception and vertically polarized for transmission, augmented by an omni-directional monopole for sensing RF power in the TV channels to identify occupation by incumbent services as well as other WRAN systems in the area.  The antenna could also be augmented with a GPS receiver allowing the base-station operator to verify remotely that the antenna is actually mounted outside and is not being re-located.  Otherwise, verification that the CPE antennae are permanently installed outdoors on a fixed structure and properly aligned should be required.  Vertical polarization is preferred for the transmit antenna to maximize the isolation to nearby DTV receiving antennas, whereas horizontal polarization would be preferred for the receive antenna to provide some isolation between the transmit and receive chains of the CPE, as well as to minimize the attenuation through foliage.

CPE’s should be truly license-exempt devices, requiring no licensing nor registration based on the fact that their RF characteristics (e.g., frequency, power) will be totally controlled by the base stations in a ‘master-slave’ operation to allow control of potential interference to incumbent services.  The CPE would not be allowed to transmit unless a signal giving all the necessary RF characteristics to be used is received from the base station.  CPEs that have not received channel availability information from a base station would not be able, by design, to transmit.

Modulation and access

The modulation to be used on the forward channel could be continuous or burst, and should be adaptive to allow higher throughput in case of higher signal reception.   Because of the lower directivity of the antennas in the TV bands and the larger reach, the modulation should be able to work in multipath environments with excess delay up to about 25 usec.  The modulation on the return channel should be burst and the transmit power should be scalable to the bit rate payload being transmitted to minimize interference to incumbent services and other WRAN systems.  The media access should be able to work with propagation delays for distances up to 50 km.

Out-of-band emission

The base station and CPE’s should operate within a RF emission template (likely specified by the FCC) to avoid interference to DTV receivers tuned to variousadjacent channels.  Certain minimum distances from DTV receivers may be required in specific cases.  Minimum distances from cable-ready DTV sets or set-top decoders connected to a cable may need tobe considered at the installation stage on the CPE antenna.

Transmit Power Control

For the WRAN operation, TPC will be an inherent part of the master-slave relationship between the base station and the CPE’s and will need to function in concert with adaptive modulation.  The major impact of TPC, besides reducing the dynamic range of signals received at the base station, will be in areas where more than one broadband access system will be in operation on nearby channels because it will reduce large signal level differentials which could cause interference among operators.

RF sensing:

Interference avoidance will be based on RF sensing at the base station and at the CPE’s and will rely on cognitive radio techniques and intelligence at the network level, centralized at the base station.  The interference potential would be assessed by mapping the results of the sensing of spectrum occupancy performed by the base station and the CPE’s against information on their physical location acquired through registration information or other geolocation mechanisms.

Beyond having access to an updated database of licensed operation in the area, the base station could request local interference sensing and channel scanning from the CPE’s at any time, especially for a new CPE trying to get registered with a base station, to verify that its local interference situation allows it to access the network.  Special data packets would transit on the network to initiate such sensing, report on the results and remotely control the RF characteristics of the CPE’s,

The base station and the CPE’s will sense licensed transmissions using an omni-directional antenna with a gain of 0 dBi or greater (where all losses between the antenna and the input to the receiver are included) in any azimuthal direction. The base station will need to change the frequency of operation of the network if licensed signals are detected above the following thresholds, referred to the receiver input: 

(1)
DTV threshold: -116 dBm (total DTV power in the 6 MHz channel) (using spectrum analysis techniques to sense the pilot carrier of the DTV signal which is at –11.3 dB in a 10 kHz effective bandwidth relative to the total DTV power)

(2)
Analog TV threshold: -94 dBm (measured at peak of sync of the picture carrier)

(3)
Wireless microphone threshold: -107 dBm (measured in 200 kHz bandwidth).  Lower threshold and more reliable sensing levels would be achievable if narrowband beacons are used.  A ‘dead beacon’ could be used per occupied TV channel or a single beacon modulated by a low data rate (e.g., FSK) indicating the TV channels used by wireless microphones in the immediate area could also be used.

Use of contiguous TV channels

The used of multiple 6 MHz TV channels could be allowed, but each 6 MHz channel should be independent from a modulation point of view.  Hence different TV channels could be used for sectorized operation, FDD operation and/or for capacity beyond that available from a single 6 MHz channel.  As a result, the use of more than one TV channel should be possible as long as persistent channel bonding is not used  (i.e., any 6 MHz channel may be vacated without affecting the operation of the others).   As a result, interference protection can be based on a 6 MHz TV channel.

Conclusion

This contribution dealt with an initial assessment of the functional requirements for the wireless regional Area Networks based on the work that was done in 802.18 in preparation for the comments to the FCC NPRM 04-186 dealing with the use of License-Exempt (LE) equipment in the VHF/UHF TV bands.  These may form a good basis for initiating the discussion on this topic in 802.22.
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Abstract


In the discussions that took place in 802.18 as part of the preparation of comments on the FCC NPRM 04-186 dealing with the use of License-Exempt (LE) equipment in the VHF/UHF TV bands, a number of initial functional requirements were identified to develop the WRAN concept sufficiently to be able to comment on potential interference matters.  This document tries to summarize the functional requirements that were identified to help initiate the discussion in 802.22.











� In this context, "professional installation" means that the installation must be supervised or inspected by a trained, competent professional, such as e.g. a NARTE� Certified EMC� Engineer, an SBE� Certified Professional Broadcast Engineer, or a Registered Professional Engineer.
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