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1. Introduction

TSG RAN2#10 agreed CR 001r1 [1] to TS25.305 version 3.0.0. 

For the network assisted GPS (section 6.2.4.1.2), some additional parameters, that may be signalled are added to the list already defined for the UE assisted positioning method. These are added for completeness.

These proposed additions are highlighted for clarity and can be found on the last page of this contribution.
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4.4.3
Network Assisted GPS Methods

These methods make use of UEs which are equipped with radio receivers capable of receiving signals from the Global Positioning System (GPS). 

The operation of the network assisted GPS methods is described in this section. 









When GPS is designed to inter-work 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. 

-
Allow the UE to consume less handset power than with stand-alone GPS ; 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 methods rely on signalling between possibly 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. GPS reference receivers may be connected to the UTRAN to enable derivation of UE assistance signals.
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Figure 4.3: Network assisted GPS methods


4.4.3.1 Timing calibration


 


Timing calibration is specified in TS 25.215.  
4.4.3.2 Timing assistance

The UTRAN may derive the estimated UE location using UTRAN (eg. Cell-ID or IPDL) parameters and may use this information, in conjunction with satellite specific ephemeris data from the UTRAN based GPS reference receiver, to derive the estimated time difference (code phase) between equivalent GPS satellite signals received by the UTRAN based GPS reference receiver and the UE based GPS receiver. The estimated code phase data may be conveyed, together with TUTRAN-GPS (as specified in TS 25.215), from the UTRAN to the UE using higher layer signalling; the estimated code phase data value is uncertain to a degree depending on the accuracy of the UTRAN location determination method used.


4.4.3.3 Data assistance


The UE may receive GPS information through the UTRAN air interface, using higher layer signalling.
When the UE is unable to detect 4 or more satellites, the assisted GPS method can be combined with other location methods. 



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 can be  valid for a few hours (2-4 hrs).

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

If DGPS is utilised, then differential corrections may 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.

4.4.3.4 UE search

Both timing and data assistance shall be applied in the UE search procedure. 
"Modulation wipe-off" is defined here to mean a removal of the GPS spreading code modulation to GPS signals received at the UE, through the application of UTRAN timing and data assistance provided from the UTRAN to the UE. 
Modulation wipe off may be applied at the UE to derive the despread GPS data signal. 

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). 

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

4.4.3.5.1 UE-based method

The UE-based  method maintains a full GPS receiver in the UE, and the location calculation is carried out by the UE. 

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

4.4.3.5.2 UE-assisted method

In the UE-assisted  method, the UE employs a reduced complexity GPS receiver. This carries out the pseudorange (code phase) measurements;these are signalled, using higher layer signalling, to the specific network element that estimates the location of the UE and carries out the remaining GPS operations. In this method, accurately timed code phase signalling (as specified in TS 25.215) 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 location accuracy without extra signalling to the UE.

6.2.4.1.2
Network Assisted GPS Methods










6.2.4.1.2.1
UE-based method
The UE-based method maintains a full GPS receiver in the UE, thus allowing stand-alone location fixes. 

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


The following information may be signalled from the UTRAN (LSIF) to the UE:


-
Number of satellites for which assistance is provided

-
Reference time for GPS (TUTRAN-GPS) (specified in TS 25.215)
-
Reference location

-
Ionospheric corrections

-
Satellite ID for identifying the satellites for which the assistance is provided

-
IODE: sequence number for the ephemeris for the particular satellite

-
Ephemeris to accurately model the orbit of the particular satellite and information when this becomes valid

-
Clock corrections

-
DGPS corrections

-
Almanac data

The following information may be signalled from the UE to the UTRAN (LSIF):



-
Reference time for GPS 
-
Serving cell information

-
Latitude/Longitude/Altitude/Error ellipse

-
Velocity estimate of the UE

-
Satellite ID for which the measurement data is valid

-
Whole/Fractional chips for information about the code-phase measurements

-
C/N0 of the received signal from the particular satellite used in the measurements.

-
Doppler frequency measured by the UE for the particular satellite signal

-
Pseudorange RMS error

-
Multipath indicator























· 
· 
6.2.4.1.2.3
UE-assisted method

The following information may be signalled from the UTRAN (LSIF) to the UE:

-
Number of satellites for which assistance is provided

-
Reference time for GPS (TUTRAN-GPS) (specified in TS 25.215)

-
Satellite ID for identifying the satellites for which the assistance is provided

-
Doppler (0th order term)

-
Doppler (1st order term)
-
Code Phase

-
Code Phase center and Search Window width


-
Ephemeris

-
Azimuth

-
Elevation
-
Round Trip Time (RTT)
-
Navigation bits for sensitivity assistance
-
Round Trip Time (RTT)
-
Navigation bits for sensitivity assistance
The following information may be signalled from the UE to the UTRAN (LSIF):

-
Reference time for GPS (TUE-GPS) (specified in TS 25.215)

-
Number of Pseudoranges

-
SVID
-
Satellite C/No

-
Doppler

-
Satellite Code Phase 

· 
-
Multipath Indicator
-
Pseudorange RMS Error

-
UE RxTx Timing

-
Time Difference of Arrival of downlink signals from neighboring cells

-
SIR measured from the downlink signals
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