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Introduction:

For years, the emphasis in designing, implementing, and testing location-enabling technologies has centered on E-911 mandate compliance. Attention is beginning to focus on the Location Based Services (LBS) that will eventually be available to consumers.  While these LBS offerings will afford the industry an opportunity to start recouping the expenditures required to create the E-911 infrastructure, these various services will also produce usage requirements quite different from a system intended mainly for emergency service response.

The main differences will include an increased number of users, an increased number of positioning requests per user, and an increase in the accuracy needed to meet various LBS quality of service requirements.  As the demand for LBS capabilities grows, the number of users taking advantage of those services will far outstrip those transmitting requests for emergency service.  Additionally, a number of these services (turn-by-turn routing, asset tracking, friend finding, etc.) will result in each user requiring numerous location solutions; this is in contrast to the single position request that characterizes an E-911 call.  Finally, many of the LBS that are being planned will necessitate accuracies far better than what will suffice for E-911 compliance.  As a result, the objective will be to develop techniques that minimize the use of network resources while maintaining accuracies required for most Location Based Services.  The Coarse Location Positioning method is proposed as a means for meeting this challenge.

Summary of the Technique:

The Coarse Location Positioning Technique is a network-centric positioning method that requires a minimum amount of transmitted assistance data.  While some MS-assisted techniques rely on acquisition aiding information with a usable lifespan measured in minutes or on Ephemerides with a lifespan measured in hours, Coarse Location uses satellite almanacs that remain usable for many weeks.  The MS uses the almanac not only for satellite acquisition, but for calculating an approximate position fix as well.  The MS messaging to the Network includes the almanac-based position along with a list identifying which almanacs were used in the solution.  The network’s Position Determining Entity (PDE) uses the transmitted position and almanac ID’s and, using a set of current Ephemerides, calculates a position with accuracies similar to standard point fix methods.  

Requirements:

Similar to existing A-GPS techniques, Coarse Location Positioning requires that certain data be available and certain functional capabilities exist at the MS and PDE.  Specifically:

· MS

· Reference Location and Time – The MS must have knowledge of the reference position and approximate time.

· Almanac – The MS must have sub-almanacs current enough to enable satellite acquisition and coarse location calculation.  The maximum usable life of a satellite’s almanac data within the Coarse Location Positioning technique ranges from about three to twenty weeks.

· Ability to take measurements and calculate a fix – The MS must be able to take satellite measurements.  It must have the capability to use those measurements as well as satellite positions as derived from the almanac and to use them to calculate a Coarse Position

· NETWORK 

· Transmit assistance reference location and time – The PDE must be able to send the reference position and reference time.

· Archive of Almanacs – the PDE must have an archive of satellite almanacs.  The PDE should have almanacs that cover the previous 20 weeks through the most current almanac.

· Current Ephemeris – The PDE must have the most current satellite Ephemerides.

· Position correcting functionality – The PDE must be able to use the Coarse Position and almanac list received from the MS along with the current ephemeris and almanac archive to calculate a corrected position for the MS.

An Example Implementation:

There are numerous variations available to an implementer of the Coarse Location Positioning Technique.  The following is provided as one such example:

· The Network transmits a Location Request with reference location and time assistance data.

· The MS uses the reference location, time, and stored almanac data to acquire satellites and take measurements.

· The MS uses the measurements and satellite position as derived from the almanac to calculate a Coarse Position.

· The MS transmits the Coarse Position along with a list identifying which satellites were used in the solution and which almanac was used for each satellite.

· The PDE receives the Coarse Location and almanac list. It derives satellite positions using the current ephemeris.  It then calculates the differences between almanac and ephemeris-derived satellite ranges and uses them to create a corrected position for the MS.

· If the PDE determines that one or more of the almanacs used by the MS contributes an unacceptable level of range error, the PDE will transmit the latest version of those satellites’ almanac data along with another position request.

Simulation Results:

Simulations have been run to evaluate the accuracy and the almanac data transmission requirements of the Coarse Location Positioning method.  The tests were run using archived almanac and ephemeris data.  The simulations were started with a random reference position 10 kilometers from the true position of the unit under test and an up to date almanac.  Time was moved one week at a time, and the initialized almanac was used to calculate a coarse position at the MS.  The coarse position and the almanac identifiers for the satellites used in the solution were made available to the simulated PDE.  The PDE using the Ephemerides appropriate for the simulated week then calculated the corrected position.  At each step, if a satellite’s almanac projected an out-of-tolerance range error, an almanac current to that simulated week replaced that satellite’s almanac and the replacement was noted.  The results of numerous simulations showed that over a 26 week time period, accuracies averaged between 15 and 25 meters.  Over the 26 weeks in the simulation, between 6 and 12 satellites required a single almanac insertion. 

Summary:

The Coarse Location technique provides a network-centric positioning method that is well suited for LBS environments servicing numerous users involved in frequent positioning requests.  It provides traditional GPS accuracies while dramatically reducing the bandwidth consumed by similar methods and their required assistance data payloads.  SiRF would like to incorporate messaging changes into the appropriate specifications to enable the standardized use of the Coarse Location Positioning technique and solicits comments from the technical community to that end.
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