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1. Introduction

This document proposes a change of text on the Standard LCS methods, that are supported by Release'99 [1]. The changes are related to the network assisted GPS methods, and the text should be included in section 4.4.1. of [1]. The motivation for the change is that the new text gives more clear overview of these methods

The proposed text is introduced in chapter 3. 

2. References

[1]
TS 25.305, Stage 2 Functional Specification of Location Services in UTRAN, v.1.4.0

3. Proposed additions to TS 25.305

4.4.3.

Network Assisted GPS Methods
Methods independent of physical UTRAN signals can be utilized in determination of the location of an UE. For example the Global Positioning System (GPS) provides well known means for determining the position of a terminal. Methods making use of the GPS are being standardised for GSM. In order to facilitate efficient implementation, and seamless location service operation between GSM and UTRAN, the support for GPS based methods must be compatible between these systems.

GPS utilises a constellation of 24 satellites orbiting the earth. Each of these transmits a direct sequence spread spectrum signal with a chip rate of 1.023 Mchip/s. Positioning measurements of the GPS receiver are based on the time of arrival (TOA) principle.  The propagation delay between a satellite and the GPS receiver is measured. When 4 or more satellites are in line of sight from the receiver, the latitude, longitude, and altitude of the receiver can be determined. Standard positioning service (SPS), which is a grade of GPS service, is available for commercial applications. The SPS is deliberately degraded by selective availability (SA) providing horizontal position accuracy within a circle of 100-meter radius 95% of the time. The accuracy of this can be significantly improved by utilising differential correction techniques. Differential GPS (DGPS) can reduce the position error to under 5 meters, while SA and other error factors are in effect. DGPS uses a reference receiver at a known position and sends correcting information to a mobile GPS receiver. DGPS, without modification, does not provide any improved ability for mobile terminals to detect GPS signals under low signal-to-noise (SNR) conditions.

As GPS is based on TOA measurement techniques, the receiver position is determined by finding out the intersection of the distance (or range) circles. The range is calculated from the signal travel time. Three range measurements determine a unique position. GPS uses the same principle, where the circle becomes the sphere in space. Because the receiver and satellite clocks are unsynchronised prior to the measurement, the signal transmission time determined by the GPS receiver is not the true transmission time. As a result, the corresponding range measurements become pseudorange measurements. To solve for the clock offset between the receiver clock and satellite clock, a fourth range measurement is used. Although the satellite clocks are unsynchronised, the individual clocks are modeled to meter-level accuracy by the GPS ground network.

There are four main functions for a conventional GPS receiver:

1. Measuring distance from the satellites to the receiver by determining the pseudoranges (code phases);

2. Extracting the TOA of the signal from the contents of the satellite transmitted message;

3. Computing the position of the satellites by evaluating the ephemeris data at the indicated TOA.;

4. Determining the position of the receiving antenna and the clock bias of the receiver by using the above data items.

To reduce the errors contributed from satellite clock and position modeling, ionospheric delay, tropospheric delay, and selective availability (SA), corrections can be done before the fourth step above. The most important technique for error compensation is DGPS.

When GPS is designed to co-operate with the UTRAN, the network can assist the UE GPS receiver to improve the performance in several respects. These performance improvements will:

· Reduce the UE GPS start-up and acquisition times; the search window can be limited and the measurements sped up significantly.

· Increase the UE GPS sensitivity; location assistance messages are obtained via UTRAN so the UE GPS can
· 
· Operate also in low SNR situations when it is unable to demodulate UE GPS signals.  

· Allow the UE to consume less handset power than conventional GPS does; this is due to rapid start-up times as the GPS can be in idle mode when it is not needed. 

Network assisted GPS methods rely on signalling between reduced complexity UE GPS receivers and continuously operating GPS reference receiver network which have clear sky visibility of the same GPS constellation as the assisted UEs. Reference GPS receivers are connected to the UTRAN to enable derivation of UE assistance signals.

There are two basic types of  network assisted GPS, namely UE-based and UE-assisted, which differ according to where the actual location calculation is carried out.

UE-based 

The UE-based assisted GPS method maintains a full GPS receiver in the UE, and the location calculation is carried out by the UE. The assistance data signalled to the UE may include all information listed below or a selected subset:

· Data assisting the measurements; e.g. reference time, visible satellite list, satellite signal Doppler, code phase search window. This data is valid for few hours (2-4 hrs).

· Data providing means for position calculation; e.g. reference time, reference location, satellite ephemeris, clock corrections. This data is valid for four hours.

· If DGPS is utilized, then differential corrections must also be transmitted. They are valid for about 30 seconds. The DGPS data is valid for a large geographical area, so one centrally located reference receiver can be used to service this large region.

· Finally, if the location was requested by an application in the network, then the calculated location is signalled to the proper network element.


UE-assisted

In the UE-assisted  network assisted GPS method, the UE employs a reduced complexity GPS receiver. This carries out the pseudorange (code phase) measurements (item 1 in the list above), and transmitss these  to the specific network element that estimates the position of the UE and carries out the remaining GPS operations (items 2 – 4 in the list). In this method, accurately timed code phase signalling is required on the downlink. The signalling load in the uplink direction can be larger than in the UE-based method. If DGPS is performed in the UE, then differential corrections must be signalled to it. On the other hand, DGPS corrections can be applied to the final result in the network to improve the position accuracy without extra signalling to the UE.
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