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GEOLOCATION w/ database

1.0 Definition

The ability to determine its location and the location of other transmitters, and then select the appropriate operating parameters such as the power and frequency allowed at its location.  Geolocation is a cognitive capability as defined by the FCC.

2.0 Requirements

As stated in the Requirements Document...

The WRAN system SHALL provide the means for the base station operator to assess interference potential by mapping the results of the spectrum occupancy performed by the base station and the CPEs against information on their physical location acquired through registration information or other geolocation mechanisms.

Information will be sent and collated at the base station where mapping of the interference situation will be made based on the sensing information from the CPEs and according to their respective geographic coordinates.

However, if the proposed WRAN system has indisputable knowledge of the geographic location of the television station transmitter which has been detected, the Base Station MAY make a determination that the Base Station or its associated CPEs are outside the boundaries of the television Grade B/noise limited protected areas and to adjust power, frequency, etc. accordingly to adhere to D/U levels at the boundary specified in paragraph 15.1.2.  If the WRAN system incorporates the latter capability, the proposer SHALL specify how the current location of the television station was determined and updated in a timely manner and how this information is used in the establishment and setting of the WRAN system transmitting parameters.

3.0 Needs for Position Awareness

It is necessary to know coordinate information accurately for all devices in the network.

· If a device is located inside or outside of a TV protected contour.

· How far the device is outside of the TV protected contour if the device is outside of the contour.

· Where CPEs are located in relation to one another in order to make a determination on whether you can rely on distributed sensing.

· Ranging.

4.0 Goals of the Tiger Team

· Evaluate the proposals on geolocation.

· Produce a Q&A document used to ask questions to and receive answers from the Proposal Team.

· Develop a simulation model for geolocation.

· Answer the following questions:

5.0 Questions to be Answered

· How is the device's position determined?

· Position precision?

· Time to acquire?

· Location information receiver sensitivity?

· Is the location data verifiable?

· How often should the data be verified?

· Is the location information correct?

· How does the position information interact with the database?

· How does the database get populated?

· Should a device not be allowed to transmit unless its location information is known?

· How do we define the noise limited contour?

· Contour azimuth resolution?

· Range resolution?

· Propagation model?

· Model assumptions or actual data?

· Terrain?

· Incumbent and WRAN antenna height?

· Incumbent and WRAN antenna patterns?

· Polarization scattering?

6.0 Methods to Determine Position

· GPS

· Galileo (finished 2010?)

· LORAN

· OMEGA

· Celestial navigation

· Professional install

· Registration information (geo-code)

· Triangulation

6.1 GPS

· GPS relies on triangulation from satellites.

· GPS signals contain pseudo-random code, a navigation message, and ephemeris information (for orbit drift from external gravitational forces).

· Distance is measured using the travel time of radio signals.

· Requires very accurate timing.

· If the clocks are off by a thousandth of a second, ranging calculations can be off by almost 200 miles (322 km).

· Errors can be caused by multi-path.

· Governmental intentional degradation ended on May1, 2000.

· Range is measured by multiplying the travel time by the speed of light.

· The location of the four transceivers must be known very accurately.

· The location of only three transceivers must be known if one of the resulting answers is unreasonable and can be rejected.

· Corrections need to be made for delays the signal might experience as it travels through the atmosphere.

6.1.1 Code-Phase GPS

· Code-phase GPS can have between 3 - 6 m of error.

· The difference in sync between transmitter and receiver is equal to the travel time.

· Each transceiver has a unique pseudo random code.

· The pseudo random code has a bit rate of about 1 MHz.

· The carrier frequency has a cycle rate of over 1 GHz (1000 times faster).

6.1.2 Carrier-Phase GPS

· Carrier-phase GPS can have 3 to 4 mm accuracy by measuring the code-phase accurately and determining the cycle that marks the edge of the timing pulse using the carrier-phase.

· Speed of light is approx. 186,000 but varies due to atmospheric conditions.

· Atmospheric-induced errors can be managed by a dual-frequency measurement through comparing the relative speeds of signals of two different frequencies.

6.1.3 Differential GPS

Differential GPS uses a stationary receiver of a precisely known position that calculates error corrections through a comparison of what the GPS travel time should be to what the GPS travel time actually is.  The stationary receiver transmits the error correction to the other local receivers of unknown position in order to make more accurate position determinations.  The stationary GPS receiver makes error correction calculations for each of the GPS satellites.

There exist many public agencies (i.e., US Coast Guard) that have established reference stations transmitting error corrections.

The FAA uses an additional geosynchronous satellite positioned over the US and approximately 24 reference stations that are scattered over the US and transmit error correction information.  Eventually, the FAA will install additional reference stations at every airport.

6.1.4 Assisted-GPS

A-GPS can be even more accurate in determining position if there is a cellular network available.

6.1.5 Software GPS

S-GPS allows for improvements in accuracy, speed, and consistency when determining position.  S-GPS removes the need of a special-purpose digital processor to extract the GPS signals, measure their timing, and calculate position.  Instead, all of these are performed in software while using the general-purpose processor.  S-GPS can have an error of less than 3 m.  Time for the first satellite fix can be less than 30 sec.  A hot start can be less than 4 sec.  S-GPS can incorporate A-GPS and can switch between standard GPS and A-GPS, if A-GPS is not available.

6.1.6 GPS Receivers

GPS receivers can provide for -185 dBW sensitivity (assisted, -174 dBW non-assisted) with 4.7 dB cascaded noise figure.  GPS receivers can tolerate -90 dBm co-channel interferer and 13 dBm interferer in the adjacent channel.

6.2 Hyperbolic Systems

Hyperbolic navigation systems work because the time/phase difference between the two signals from two different systems is constant along a hyperbolic path.

6.2.1 LORAN (LOng RAnge Navigation)

Two-dimensional geographic location is determined by calculating the time difference between a master station and the two secondary stations with which it has paired.  A time difference is calculated by identifying the TD line, a hyperbolic time difference curve, between the master station and one of its paired secondary stations.  The intersection of the TD lines identified by the time differences of the two pairings is the geographic position.  LORAN operates in the 90 – 110 kHz band.  The LORAN system is not considered accurate in inland areas since the low-frequency signals are degraded considerably by interference and propagation issues caused by land features and man-made structures.

6.2.2 Omega

A hyperbolic radio navigation technique that provided world-wide accuracy of four miles using an eight station chain that was scattered across the globe and transmitted very low frequency signals between 10 – 14 kHz.  An Omega receiver could determine its location by receiving signals from three of these stations.  Omega stations utilized guyed masts over 400 m high.  Omega permanently terminated in 1997.

6.2.3 Decca

A hyperbolic radio navigation system utilizing a master station and usually three slave stations, named Red, Green, and Purple, respectively.  Hyperbolic lines of position were determined by comparing the phase difference of the signals between the master and one of its slaves.  The Red, Green, and Purple stations created their own patterns which would be drawn on navigational charts as a set of hyperbolic lines in the appropriate color.  Position is plotted at the intersection of the hyperbola from the different patterns.  Each of the stations in the chain transmit at a different harmonic of the nominal frequency.

6.3 Celestial

Position is determined by measuring angles between celestial objects and the horizon and referring to tables in a nautical almanac.  A measured angle between a celestial object and the horizon is directly related to the celestial object's geographic position on the Earth and the observer.  A circular line of position indicates the points where the celestial object would be observed at a constant angle above the horizon at that instant.  Position is indicated by one of the two intersections of each of the circular lines of position produced using two different celestial objects.

6.4 Distance and Azimuth Beaconing

6.4.1 Distance Measuring Equipment (distance only)

DME sends paired pulses at a specific spacing from the CPE to the base station.  The base station then responds after a fixed delay with paired pulses back to the CPE with the same pulse spacing (to help discriminate from multiple interrogations) but at a different frequency.  The round-trip time is translated into distance.  Standard DME has an error of less than 360 m.

6.4.2 VHF Omni-directional Range (azimuth only)

VOR transmits two signals simultaneously.  One signal is constant and omni-directional as a reference phase and the other is directional and is rotated about the station.  The directional signal is constantly varied in phase through each rotation in a 0.03 second system cycle.  The two signals are only exactly in phase once during each rotation – when the directional signal is aligned to magnetic North.  The CPE receives both signals, examines the phase angle difference of the signals, and interprets the result as a radial from the station. In the US, VOR operates between 108 – 117.95 MHz.  VOR has less that 0.35º of error.  VOR also transmits a Morse code aural identifier at about 10 second intervals.

6.4.3 Tactical Air Navigation

TACAN is a navigation system used by the military that incorporates a DME system and a more accurate VOR system in order to determine position.  The range finding system is more accurate because its system supplies two waveforms at 15 Hz and 135 Hz as reference waveforms to make phase comparisons.  Non-radiating parasitic elements spin about the main TACAN radiating element at 900 rpm.  A single interior non-radiating element creates the 15 Hz amplitude modulated signal while a group of nine exterior non-radiating elements create the 135 Hz amplitude modulated signal.  A marker signal is transmitted every time the main lobe passes due magnetic East, misleadingly called the “N” marker.  Additional marker signals are transmitted after every 40º of rotation.

6.4.4 Microwave Landing System

MLS signals are transmitted on a single frequency through time sharing on one of two hundred  channels available between 5031 and 5090.6 MHz.  MLS transmits its signals by a narrow beam which sweeps across the coverage area at a fixed scan rate.  Azimuth and elevation can be calculated by measuring the time interval between sweeps.  MLS also utilizes DME for distance with an error of less than 30 m.





7.0 Geolocation Reference in Draft Standard

BLM-REQ: BS -> CPE

6.8.22.1.1 Single Measurement Request

6.8.22.1.1.5 Location Configuration Measurement Request

The BS requests for the determination of the CPE's location.  The BS specifies whether the CPE should infer its own location information from other CPEs/BSs or by using external methods, such as GPS.

BLM-REP: CPE -> BS

6.8.22.3.1 Single Measurement Report

6.8.22.3.1.4 Location Configuration Measurement Report

The CPE reports its location information back to the BS.  The report contains data fields for latitude, latitude resolution, longitude, longitude resolution, altitude, and altitude resolution.  The report also contains data fields for altitude type to identify whether the altitude is being reported in meters or by number of floors (in a multi-story building).  The report includes a data field for the lat/lon Datum used (WGS 84 or NAD 83).

Is this location information used to identify the position of the device or the sensing/transmitting antenna?

Should there be a required minimum resolution for the location information to be considered accurate and useful.  If the location information does not meet the minimum resolution should the CPE not be allowed to transmit?

Is there a need to report altitude using number of floors?  The device's antenna should never be located inside a building.

Should there be a data field included to report whether the altitude data is AMSL or AGL?

Should the Datum field include NAD 27?  The FCC still uses NAD 27 in their station database.  If the coordinate information is not reported in NAD 27, either the device's antenna coordinate information needs to be converted to NAD 27 or the FCC station coordinate data needs to be converted to either NAD 83 or WGS 84.

8.0 Noise-Limited Contour

8.1 Propagation Model

8.1.1 FCC R6602 F(x,x) Propagation Curves

The FCC curves were developed to be used to conveniently determine an estimation of RF propagation before the arrival of personal computers.  This is an old out-of-date technique but are still useful for a quick estimation.  This propagation model should be considered as little more than a shot in the dark.

8.1.2 ITU-R P.1546.2 Propagation Model

P.1546 is an international recommendation and would be suitable for an international standard.  However, it should not be considered as significantly more accurate as the FCC curves.  P.1546 is not intended for determining a noise-limited contour.

8.1.3 NTIA ITM Propagation Model

Can be less conservative in predicting propagation signal loss than the FCC curves.

8.1.4 TIREM

TIREM is a much more accurate propagation model that takes into consideration actual local terrain data and k-factor to account for variations in the atmospheric climate conditions.  A propagation model such as TIREM should be used by the WISP operator while surveying the landscape and the RF environment in the system's deployment planning stages.

9.0 Position Precision

9.1 Determining Position Using a Propagation Model

9.1.1 Position Relative to the Noise-Limited Contour

Position precision should be a function of:

· Distance margin between the CPE's edge of interference range and the edge of the incumbent noise-limited contour

· Position precision of the outermost CPE, its edge of interference range, and the edge of the incumbent noise-limited contour

If the position precision of the CPE, and the edges of its interference range and the contour are each 100 m radius, the distance margin must be at least 300 m.

Depending on fading conditions across an assumed 40 km interference range as defined by the propagation model used, a distance margin of 300 m could translate to 0.3 dB in field strength accuracy.  This field strength accuracy is probably unreasonable and unachievable, this requirement can be loosened by increasing the distance margin.  For example, if the distance margin is increased to 3 km, the the field strength accuracy might increase to 4.5 dB.

9.2 Determining Position Using a Fixed Marker

The edge of the CPE's interference range and the incumbent noise-limited contour could be measured in the field and identified by a fixed marker.  It would be difficult, however, to pinpoint the actual edge using this technique due to interference and temporal fading.

10.0 Database

10.1 FCC Database

The database included in the WRAN BS could be populated with the FCC's CDBS.  Because the FCC's database is not accurate enough for 802.22 purposes, it will need to be made more accurate.  The incumbents will need to play an active roll in making these corrections.

10.2 Contour Polygons

Multi-sided polygons could be supplied as data for the BS's database.  Each corner of the multi-sided polygon could be identified by a latitude and longitude.  The polygons would help to remove discrepancies in the determination of the contours.  However, there needs to be traceability as to how the polygon was produced.  The accuracy and correctness of the representation by the polygon could be verified by overlaying the polygon over a service prediction plot produced through using a more advanced propagation model, such as TIREM.  The prediction plot would not be a contour at all.  The prediction plot would resemble a shotgun blast.  This technique would illustrate the percentage of the population predicted as being served by the advanced propagation model would be within the protected contour.  The interested parties would have to agree upon this percentage and an advance propagation prediction model would need to be made available.
11.0 Ranging

Ranging is included in the 802.22 v0.1 Draft Standard in section 6.17.  This section is largely adopted from the 802.16 standard.

Ranging is a collection of processes by which the CPE and the BS maintain the quality of the RF communication link between them.  This ranging operation adapts the RF power and/or modulation parameters depending upon the strength of the link signal received.

The primary purpose of ranging is to maintain the minimum signal reception between the CPE and BS communication link.

· TPC

· Adaptive modulation

The procedure by which ranging is accomplished is not described in the current version of  the draft v0.1 standard.

Location awareness of the CPE's in the system through geolocation will help to make ranging and, in turn, TPC and adaptive modulation possible.

12.0 Geolocation Requirements

The following requirements need to be added to the Functional Requirements Document:

· The WRAN system SHALL know the horizontal range, r, for all of its associated CPEs within a minimum precision radius, rp.

· The WRAN system SHALL know the azimuthal angle, , for all of its associated CPEs within a minimum precision angle, p.

· The WRAN system SHALL know that the vertical height, z, is at least 10 m AGL for all of its associated CPEs within a minimum precision height, zp.
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· The WRAN system SHALL update location data for each associated CPE at least every t min.

· The WRAN system SHALL disassociate any associated CPE if the CPE's location data changes by more than either r m,  degrees, or z m.

Transmission prohibition

· The WRAN system SHALL not allow an associated CPE to transmit co- or adjacent channel to an incumbent channel if that CPE is located within that incumbent station's noise-limited contour.

· The WRAN system SHALL not allow an associated CPE to transmit co- or adjacent channel to an incumbent channel if that CPE is located outside that incumbent station's nose-limited contour but closer to that incumbent station's noise-limited contour than the keep-out distance specified for that particular channel offset.

13.0 Probability

13.1 Circular Error Probable (horizontal)

CEP is the radius within which position is known 50% of the time.

CEP derives from use in the military science defining a ballistic weapon's precision.  As an example JDAM provides a CEP of 13 m or less.

CEP is a bivariate normal distribution with range as one component and azimuth angle as the other.  The standard deviation of range is greater than the standard deviation of azimuth resulting in an elliptical confidence region.

13.2 Linear Error Probable (vertical)

LEP could be used for the vertical z direction.

13.3 Spherical Error Probable

SEP can be estimated by:
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Abstract


This document shall serve as the repository for development of the 802.22 geolocation requirement that is to be used in conjunction with a database.  The definition for the geolocation cognitive capability is supplied.  Extracts from the 802.22 Requirements Document is supplied to reinforce the system’s dependence upon geolocation for successful operation.  The reasons that the 802.22 system needs to be aware of the positions of all of the devices operating within its network are discussed.  The goals of the Geolocation Tiger Team are presented along with the questions to which the Tiger Team is responsible for finding answers.  The various methods that can be used to determine a device’s position is listed along with a brief summary of each technique.  Advances in geolocation technology is presented. 
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