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ABSTRACT:
This contribution is based on a contribution presented to the GSM-NA in September 1998. It identifies requirements for location positioning applications, and the degree to which candidate technologies meet the requirements.  Based on the requirements, and the degree to which the technologies meet the requirements, recommendations are then made for prioritization of positioning technology standardization. This contribution is provided for information only.
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NOTICE:
This contribution has been prepared as a basis for discussion to assist the Location Services Ad-Hoc. The document should not be construed as a binding proposal on the contributors. Specifically, the contributors reserve the right to modify, amend or withdraw the contents of this contribution.

1 Background

Pacific Bell Mobile Wireless considers the market for location services to consist of (at least) two distinct segments, with differentiating requirements: 

· Emergency Services

· Value Added Location Services

For Pacific Bell Mobile Wireless, the primary driver for the provision of Emergency Services is the FCC's Emergency Services Phase II Mandate (Docket No. 94-102), which specifies:

"Not later than five years after the effective date of the rules (i.e., by October 1, 2001), carriers are required to have the capability to identify the latitude and longitude of the mobile units making 911 calls within a radius of no more than 125 meters, using Root Mean Square calculations (which roughly equate to success rates of approximately 67 percent)."
Due at least partially to its mandated nature, provision of Emergency Services which fully comply with the intent as well as the specifications of the FCC Mandate is a high priority for Pacific Bell Mobile Wireless.

Value added location services include such services as location sensitive billing, fleet management, mapping and tracking services, and perhaps other, as yet undetermined services (including possibly operator services).  The business cases for these services are not driven by regulatory mandates, but rather by market dynamics. 

Although they are of interest to Pacific Bell Mobile Wireless, strong business cases for Value Added Location Services do not yet exist, and they will not take precedence over assuring the Emergency Services mandate is met.

Requirements

At Pacific Bell Mobile Wireless we see a clear distinction between the requirements for Emergency Services and Value Added Location Services.  The following subsections identify the major requirements for the provision of these services.

2.1  Emergency Services

The business case for emergency services imposes additional requirements beyond the accuracy and time of deployment requirements mandated by the FCC.  The realities of the associated liability issues require carriers to address more than just technological issues. We consider the requirements for Emergency Services to include the following:

Requirements based on the FCC Mandate:

· Accuracy: location is within 125 meters with 67 % RMS 

· Deployment Time: must be deployed by Oct. 1, 2001.

Requirements based on the Business Case:

· Service for Legacy Handsets: unmodified existing handsets must be supported

This is based on business considerations, 

and is a decision made independent of any FCC Requirements regarding Legacy Handsets.

· Reliability: can provide location information for all handsets with complete network coverage (consider availability and robustness).

· Service for Roaming Subscribers: must be provided

· Liability Reduction: a proven technological solution is needed

· Unregistered Handsets: must be supported 
· Network Impacts: total impacts should be minimized

· Periodic Location Reporting: not required, but achievable through upgrade

· Cost: should be kept to a minimum

· Operation, Administration, and Maintenance:  should be as simple as possible 

(including upgrades and "bug” fixes)

2.2  Value Added Services
The requirements for various value added services are as yet unspecified, and will be based on the specific business models for the various services.  However, it is our opinion that accuracy may be the discriminating criterion for at least some of the services (tracking and mapping services).  To be consistent, consideration is provided for the same requirements as for emergency services:

· Accuracy: function of business case 

For some services (tracking, mapping), as accurate as possible,

· Deployment Time: function of business case

· Legacy Handsets: support not required

· Reliability: normal business requirements

· Roaming Subscribers: supported if roamer agreement exists

· Liability Reduction: limited to service contract

· Unregistered Handsets: support not required
· Network Impacts: function of business case

· Periodic Location Reporting: for tracking services

· Cost:  costs should be kept to a minimum

· Operation, Administration, and Maintenance:  should be as simple as possible 

(including upgrades and "bug” fixes)

2 Positioning Methods

Three positioning methods are under consideration for standardization.  Of these, one is a network based positioning method, and the other two are handset based positioning methods.  The details of the positioning methods are available in the T1P1.5 LCS SWG evaluation contributions, which are listed in the subsequent references section of this contribution.

Network Based Solutions:
· TOA: Time of Arrival
Location is determined by the network observing signal timing differences. 

Handset Based Solutions: (may be network assisted)
· OTD: Observed Time Difference
Location is determined by the handset observing signal timing differences. 

· GPS:  Global Positioning System
Location is determined by the handset using a satellite based positioning system. 

Comparison of Positioning Methods

The different positioning methods have different strengths, which meet the requirements of Emergency Services and Value Added Location Services to different degrees.  The exact degree to which the positioning methods meet the requirements has been the subject of considerable controversy within the T1P1.5 standardization activities.  
The following tables provide a high level comparison of the degree to which the requirements are met by the positioning methods under consideration. 

A dash ("-") indicates the requirement doesn't serve as discriminator among the positioning methods.  If a discriminating requirement is met by all positioning methods, the" best" method is identified.  If a requirement isn't met by a positioning method, a "NO" is indicated. 

A “*” indicates the degree to which the requirement is met depends on the business case.

** See Attachment A for a graphical comparison of accuracy, based on the T1P1.5 evaluation sheets.

+ Best Accuracy for 

Emergency Services = method which meets FCC requirement in the greatest number of environments

Value Added Services = method which provides best accuracy in most applicable environments

Emergency Services Requirements
TOA
OTD
GPS

Accuracy (mandated requirement) **
best +



Deployment Time (mandated)
best



Legacy Handsets Supported
best
NO
NO

Reliability
best



Roaming Subscriber Support
best



Liability Reduction (proven tech.)
best



Unregistered Handset Support
best
-
-

Network Impacts Minimal


best 

Periodic Location Reporting
-
-
-

Cost
?
?
?

Operation, Admin, & Maintenance
best



Value Added Services Requirements
TOA
OTD
GPS

Accuracy **
*
*
best +

Deployment Time 
best
*
*

Legacy Handsets Supported
best *
NO *
NO *

Reliability
*
*
*

Roaming Subscriber Support
*
*
*

Liability Reduction
*
*
*

Unregistered Handset Support
-
-
-

Network Impacts Minimal
*
*
*

Periodic Location Reporting
*
*
best

Cost
?
?
?

Operation, Admin, & Maintenance
best



Conclusion

Based upon consideration of the degree to which the requirements for Emergency Services are fulfilled by the positioning methods under consideration, TOA is clearly the optimal solution for providing Emergency Services.

Pacific Bell Mobile Wireless is of the opinion that although the requirements for Value Added Location Services are not clearly defined, accuracy and perhaps periodic location updating will be the distinguishing criterion for at least some Value Added Location Services. In the environments where value added services are anticipated for deployment, GPS is clearly superior in accuracy to the other alternatives under consideration. GPS is therefore the preferred solution for the provision of Value Added Location Services.

It is worth noting that although TOA and GPS may be independently deployed, an interesting synergistic effect results when both are deployed.  As depicted in the graphed accuracy results from the evaluation sheets (see Attachment A), deploying both solutions provides optimal positioning across multiple environments.  In environments where the major source of performance degradation is multipath (urban canyons) GPS provides the optimal solution. In environments where the major source of performance degradation is signal attenuation (indoor environments), TOA provides the optimal solution.

Additionally, synergies exist in deployment of the network elements required for the two solutions. The positioning units for TOA (located at the base stations) use GPS receivers for timing synchronization. These same GPS receivers could also be used to provide the network assistance information needed for the assisted GPS solution.

A TOA/GPS combined solution is the best network strategy for optimal deployment of both Emergency Services and Value Added Location Services.

3 Recommendations

Pacific Bell Mobile Wireless believes that the logic process used and conclusion reached within this contribution are applicable for all GSM carriers.

Therefore, based upon 

A. Carriers' priorities, 

B. Consideration of Requirements for Emergency Services, and 

Consideration of Requirements for Value Added Location Services, 

C. The degree to which the positioning methods under consideration meet the requirements, 

Pacific Bell Mobile Wireless provides the following recommendations regarding prioritization of standardization activities:

1. The provision of an optimal positioning method for Emergency Services should receive the highest priority.  
2. The positioning method which best meets the carriers' requirements for the provision of Emergency Services is TOA. 
3. TOA should be standardized as an optimal positioning method with the highest priority.

4. Standardization of other positioning methods should not delay, or compromise standardization of TOA.

5. The positioning method which best meets the requirements for the provision of optional Value Added Location Services should also be standardized. 

6. The positioning method which best meets the requirements for the provision of optional Value Added Location Services is GPS.

7. GPS should be standardized as an optional positioning method.

8. Standardization of additional positioning methods may be considered in future phases of location services.
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Attachment A: Comparison of Accuracy of Positioning Methods

The following graphs compare the results of the accuracy data from the positioning method evaluation sheets provided by T1P1.5 (see the References section of this contribution).  The first graph averages the various results from the individual studies to provide a consolidated perspective, the second displays the individual results from each of the various studies.
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