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1 Introduction

Location services have been agreed as essential for Release '99 and both OTDOA and network assisted GPS methods have been selected [1]. 

TS 25.305 does not currently provide sufficient detail on the operation of network assisted GPS and includes some text which is of a background nature only and is thus not applicable for a Technical Specification. High level principles of network assisted GPS have already been presented [2]. This contribution describes the details of network assisted GPS and proposes new text for TS 25.305.  

Network assisted GPS is being standardised in GSM and it has been agreed in 3GPP [3] that the development of such a method in UMTS should be synergistic. Lucent Technologies views this as essential in order to enable provision of seamless location services across different mobile systems.

Lucent Technologies views network assisted GPS and network based location (eg. IPDL) methods as complementary and synergistic.    

2 Text proposal for TS 25.305

The text below is proposed for inclusion as section 4.4.3 of TS 25.305. Modifications to the revised Nokia contribution [4] are shown with revision marks. As much of the existing text construes as background information only – which is not applicable for a Technical Specification, it is proposed that this is deleted (it may be appropriate to place this original text in an annex for information).

------------------------------------------------snip------------------------------------------------

4.4.3. Network Assisted GPS Method
The operation of the assisted GPS method is described in this section.

4.4.3.1 Timing calibration
In order to convey the relationship between Universal (GPS) Timing (UT) and cell-specific UTRAN system timing, the UE derives the difference between CPICH frame boundaries and UT through measurement at Layer 1 [5]. 

4.4.3.2 Timing assistance
The UTRAN derives coarse UE location determinations from UTRAN cell-specific information which can be enhanced through network based location methods (eg. IPDL). Using this information, the UTRAN computes the estimated timing of GPS signals received by the UE and conveys this information to the UE using higher layer signalling. The estimated timing is uncertain to a degree depending on the accuracy of the coarse location estimate used. Typically, a window of several microseconds can be attained. 
In addition, other GPS parameters, as described in section 4.4.3.3, are conveyed to the UE to further reduce the signal space. 

4.4.3.3 Data assistance
Satellite signals are modulated with low-rate digital information.  (For example, in the case of GPS, the rate is 50 bits/s).  This information is necessary for stand-alone satellite receivers to determine their own location (in GPS, it conveys satellite ephemeris and other GPS data).  
The UE receives GPS information (eg. Doppler shifts) through UTRAN air interface, using higher layer signalling, and modulation 'wipe-off' is applied. Therefore, the space that must be searched by the UE, to derive the GPS signals needed, can be reduced beyond that needed by a stand-alone GPS location device. Thus, a location fix can be derived with an acceptable sensitivity and delay to the user. 
4.4.3.4 UE search
Application of modulation 'wipe-off' enables the UE to carry out an efficient real-time derivation of the GPS signals needed for a GPS location fix.
4.4.3.5 Location determination

Computation of the location fix can either be performed in the network infrastructure (UE assisted) or in the UE (UE based).  
[Note: text below which is of a background nature only is not applicable for a Technical Specification and has been deleted].
[Note: the text below is not part of section 4.4.3.5 and may need to be moved to the top of section 4.4.3].

Methods making use of 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.




1. 
2. 
3. 
4. 

When GPS is designed to interwork with the UTRAN, the network assists 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; and  

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

The Network assisted GPS method relies on signalling between reduced complexity UE GPS receivers and a continuously operating GPS reference receiver network which has clear sky visibility of the same GPS constellation as the assisted UEs. Reference GPS receivers may be connected to the UTRAN to enable derivation of UE assistance signals.

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

UE-based computation
The UE-based computation carries out all location calculation  in the UE. The assistance data signalled to the UE may include the information listed below :

· 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 computation
In the UE-assisted  computation , the UE  transmits location information  to the specific network element that estimates the position of the UE. 
------------------------------------------------snip------------------------------------------------
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