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1. Introduction:

As attention in the mobile positioning domain shifts from emergency response to Location Based Services (LBS), the wireless community is investigating procedures and methodologies that most benefit both the consumer and the provider.  The change in focus from emergency to commercial services will be marked by 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 repeated location solutions; this is in contrast to the single position request that characterizes an emergency call.  Finally, many of the LBS that are being planned will necessitate accuracies far better than what will suffice for regulatory 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 diversity inherent in proposed service offerings presents the providers additional choices and challenges.  Most notably, some LBS will work better with an MS-Based approach while others will be better served using a Network-centric (MS-Assisted) solution.  The Coarse Location Positioning method is proposed as a means for meeting the challenge of greatly increased LBS system usage while allowing an operator the flexibility to choose where the position solution is calculated.
2. Theory of Operation:

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.  An almanac stored at the MS will only need to be replaced when the error associated with the aging data exceeds a specified threshold.  This corresponds to a useable life for an almanac that is on the order of from three to twenty weeks.  The MS uses the almanac not only for satellite acquisition, but for calculating an approximate position fix as well
One candidate implementation of the Coarse Location Positioning technique would include the following steps:

· The Network transmits a Location Request with optional reference latitude, longitude, and time.
· The MS uses its stored almanac data along with its position and time estimates 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 Network 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 positions and uses them to create a corrected position for the MS.

· If the Network determines that one or more of the almanacs used by the MS contribute an unacceptable level of range error, it will transmit the latest version of those satellites’ almanac data.

3. Execution Examples:

The Coarse Location Positioning technique may be applied using a variety of call flow schemes.  The examples detailed below encapsulate the key messaging required while illustrating different implementation strategies.

Example 1: The MS takes measurements and calculates a Coarse position upon receipt of a Position Request. It transmits the Coarse position to the Network along with a list of the satellites used in the solution and the associated almanac IDs.  The Network calculates the estimated range errors for each almanac.  If none of the almanacs used by the MS exceed the range error threshold, the Network calculates the final position solution.  Otherwise, the Network transmits replacement almanacs for those exceeding the range error threshold and reissues the Position Request.  In an LBS service characterized by repeated position requests, the nominal single- request path will be traversed in the vast majority of sessions.
Example 2: Upon receipt of a Position Request, the MS transmits to the Network a list of the satellites it will track and the associated almanac IDs.  The Network calculates the estimated range errors for each almanac and transmits replacement almanacs for those exceeding the range error threshold.  The MS then takes measurements, calculates a Coarse position using its augmented suite of almanacs, and transmits the Coarse position to the Network along with a list of the satellites used in the solution and the associated almanac IDs.  The Network calculates the final position solution from the information transmitted from the MS.
Example 3: This approach is a hybrid of the first two methods.  Upon receipt of a Position Request, the MS calculates which satellites it will track. The MS then examines the age of each the almanac data for each satellite in its proposed tracking list.  In most positioning sessions, the almanac data’s age will fall below a value derived from the range error threshold.  In these instances, the MS will be ready to take measurements and complete the steps in the Coarse technique.  If any almanacs exceed an age threshold, it will transmit the list of the satellites it intends to track, those satellites’ associated almanac IDs and the range error threshold.  The Network calculates the estimated range errors for each almanac and transmits replacement almanacs for those exceeding the range error threshold.  The MS then takes measurements, calculates a Coarse position using its augmented suite of almanacs, and transmits the Coarse position to the Network along with a list of the satellites used in the solution and the associated almanac IDs.  The Network calculates the final position solution from the information transmitted from the MS.

4. Messaging Changes:

The Coarse Location Positioning technique will require one new IE and, depending on final design decisions, changes to from one or two existing IEs.
New IE:

	-- Almanacs used

-- NOTE: These parameters define which almanacs were used in a position solution

AlmanacsUsed ::= SEQUENCE {


rangeErrorThreshold

RangeErrorThreshold,

-- Range Error Threshold – once per message

almanacsUsedList

SeqOfAlmanacsUsedElement



}

RangeErrorThreshold ::= INTEGER(0..15)  -- Four bits mapped into ranges of 0 to 150,000 meters

SeqOfAlmanacsUsedElement ::= SEQUENCE (SIZE(1..12)) OF AlmanacsUsedElement



	AlmanacsUsedElement ::= SEQUENCE {


satelliteID


SatelliteID,
    alamanacWNa

    INTEGER (0..255),

alamanacToa


INTEGER (0..255),
    invWeightFactor     INTEGER (0..63)  Six bits mapped into a range of 0.5 to 112 meters
}




Changed IEs:
The final messaging will include provisions in the Position Request and Position Response messages indicating that the Coarse Location Position technique is being used.
5. Algorithm Example:

This section describes a particular method of computing and correcting the coarse location

1)-MS computes the coarse location using:
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2) BS corrects coarse location using:

[image: image32.wmf]=

iE

B

With:

[image: image33.wmf](

)

A

T

A

A

T

A

A

R

G

G

R

G

x

r

ˆ

ˆ

1

1

1

D

=

D

-

-

-


[image: image34.wmf]=

u

r

ˆ


[image: image35.wmf]=

iA

r

[image: image36.wmf]=

c

[image: image37.wmf](

)

[

]

T

u

T

u

u

A

B

c

r

r

x

×

-

-

=

D

ˆ

ˆ


[image: image38.wmf]u

iA

u

iA

iA

r

r

r

r

ˆ

ˆ

1

ˆ

-

-

=

[image: image39.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

=

1

1

1

ˆ

1

ˆ

1

M

M

T

nA

T

A

A

G

Where:
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6. 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. 

Results of two simulations are presented here.  For each simulation, three charts are presented.  The first chart for each simulation shows calculated horizontal position error.  The second shows the number of almanacs that need to be replaced.  The last chart for each simulation shows the range error estimate for each satellite.
The first set of three charts shows the coarse location error as compared to the error obtained using the current ephemeris, the number of almanacs replaced and the range error estimates when using a 20 kilometer range error replacement threshold.
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The second set of three charts shows the coarse location error as compared to the error obtained using the current ephemeris, the number of almanacs replaced and the range error estimates when using a 50 kilometer range error replacement threshold.
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7. Example Scenarios:

To illustrate the downlink bandwidth savings using Coarse Positioning when compared to a typical acquisition assistance method, two scenarios with their respective bit usages are provided. (Note: the uplink messaging are comparable between the two techniques.)
Scenario 1 – Turn by Turn Directions

Number of users: 10
Average length of the session: 20 minutes

Usable age for acquisition assistance data: 4 minutes

For the Coarse Location Positioning technique, assume each satellite gets a new almanac during the session (very pessimistic; this would only occur if the user had not performed an LCS session during the previous 3 to 20 weeks)
The comparable downlink bandwidth used is:

	Number of Satellites 
in the Solution


	Total Assistance Bits
Using Acquisition Assistance

	Total Assistance Bits
Using Coarse Location Positioning


	4
	12,550
	7,660

	6
	18,150
	11,420

	8
	23,750
	15,180


Scenario 1 – Asset Tracker
Number of taxis: 15
Average length of the shift: 8 hours
Usable age for acquisition assistance data: 4 minutes

For Coarse, assume each satellite gets a new almanac during the shift. (again, very pessimistic; this would only occur if the user had not performed an LCS session during the previous 3 to 20 weeks)

The comparable downlink bandwidth used in this scenario is:

	Number of Satellites 
in the solution


	Total Assistance Bits
Using Acquisition Assistance

	Total Assistance Bits
Using Coarse Location Positioning


	4
	451,800
	11,490

	6
	653,400
	17,130

	8
	855,000
	22,770


8. Summary:

Coarse Location Positioning presents system implementers with added diversity with which to facilitate a multimode Location Based Service strategy.  The 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.  The technical community is invited to provide technical questions and propose messaging suggestions/preferences that should be considered in the final design of the messaging.
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