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Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in [7] and some of the terms and definitions in annex A apply.

3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply.

3G-MSC
3rd Generation MSC

3G-SGSN
3rd Generation SGSN

A-GPS
Assisted Global Positioning Systems

ARIB
Association of Radio Industries and Business
CAMEL
Customised Application For Mobile Network Enhanced Logic

CN
Core Network

CRNC
Controlling RNC
DGPS
Differential Global Positioning Systems
DL
Downlink 

DRNC
Drift RNC

GMLC
Gateway MLC

GPRS
General Packet Radio System

GPS
Global Positioning System

HLR
Home Location Register

IPDL
Idle Period Downlink

LBS
Location Based Services

LCCF
Location Client Control Function

LCF
Location Client Function

LCS
LoCation Services

LMU
Location Measurement Unit

LSCF
Location System Control Function

LSOF
Location System Operation Function

MLC
Mobile Location Centre

MSC
Mobile services Switching Centre

NAS
Non Access Stratum

OTDOA
Observed Time Difference Of Arrival

PCAP
Positioning Calculation Application Part

PCF
Position Calculation Function

PLMN
Public Land Mobile Network

PRCF
Positioning Radio Co-ordination Function

PRRM
Positioning Radio Resource Management

PSMF
Positioning Signal Measurement Function

QoS
Quality of Service

RAN
Radio Access Network

RANAP
Radio Access Network Application Part

RNC
Radio Network Controller

RRM
Radio Resource Management

RTD
Real Time Difference

RTT
Round Trip Time

SAI
Service Area Identifier

SAS
Stand-alone A-GPS SMLC

SGSN
Serving GPRS Support Node

SIM
Subscriber Identity Module


SMS
Short Message Service

SRNC
Serving RNC

SSDT
Site Selection Diversity Transmit

TUG
Thin UE GPS

TOA
Time Of Arrival
TOW
Time Of Week
U-.….
UMTS-(LCS functional block)

UE
User Equipment

UL
Uplink

UMTS
Universal Mobile Telecommunication System

USIM
User Service Identity Module

UTC
Universal Time Coordinates

UTRAN
Universal Terrestrial Radio Access Network

WCDMA
Wideband Code Division Multiple Access

4.1
Assumptions

As a basis for the operation of UE Positioning in UTRAN the following assumptions apply:

-
the UE shall support SFN-SFN observed time difference type 2 measurements, thus support of Network-based OTDOA without idle periods is mandatory in the UE.

-
both TDD and FDD will be supported in Release '99;
-
the provision of the UE Positioning function in UTRAN is optional through support of the specified method(s) in Node B, the SAS, and the RNC;

-
UE Positioning is applicable to any target UE whether or not the UE supports LCS, but with restrictions on use of certain positioning method depending on UE capability as defined in [17];
-
For A-GPS the SMLC may be either a stand-alone network element or an internal function of the RNC;
-
UE Positioning information is transported between RNCs via the Iur interface independent of whether the A-GPS SMLC is a stand-alone network element or an internal function of the RNC;

-
the positioning information may be used for internal system operations to improve system performance;

-
different types of LMU are defined, e.g. a standalone LMU and/or LMU integrated in Node B; The LMU is optional (e.g., LMUs are not needed in the case of Thin UE GPS).
-
the UE Positioning architecture and functions shall include the option to accommodate several techniques of measurement and processing to ensure evolution to follow changing service requirements and to take advantage of advancing technology;

-
the RNC manages the overall coordination and scheduling of resources required to perform positioning of a UE. It may also calculates the final position estimate and accuracy.

10
Network-assisted GPS positioning method

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; positioning 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 UE GPS receivers (possibly with reduced complexity) 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.
Examples of network-assisted GPS methods include:

· the UE-assisted positioning mechanism, where GPS measurements are made by the UE with the help of GPS assistance data and transmitted to the network which then calculates the UE’s location fix;
· the UE-based positioning mechanism, where the UE calculates the UE’s location fix and transmits this information to the network;
· the Thin UE GPS positioning mechanism, where an RF sample in the GPS domain (~ 1.5GHz) is captured and digitized at the UE, then transmitted to the network for processing and calculating the UE’s location fix.
Figures 10.1, 10.2 and 10.3 provide an example of the end-to-end call flows for UE-assisted, UE-based and Thin UE GPS positioning respectively. The SAS is an optional network element and the call segments do not apply in a network where the UE Positioning resides within the SRNC.
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Figure 10.1: Network-assisted GPS methods – UE-Assisted
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Figure 10.2: Network-assisted GPS methods – UE-Based
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Figure 10.3: Network-assisted GPS methods – Thin UE GPS
10.3
GPS assistance data

The UE may receive GPS information through the UTRAN radio interface, using higher layer signalling.

When the UE is unable to detect a sufficient number of satellites, the assisted GPS method can be combined with other positioning methods. Altitude assistance can compensate for one satellite measurement.

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, Doppler and code phase search windows. This data can be valid for a few minutes (e.g., less than 5 minutes) or longer depending on the code phase and Doppler search window size that can be accommodated by the UE;

-
data providing means for position calculation; e.g. reference time, reference position, satellite ephemeris, clock corrections. Satellite ephemeris and clock corrections data can be used for up to six hours.

NOTE:
Certain types of GPS Assistance data may be derived, wholly or partially, from other types of GPS Assistance data.
NOTE:
Thin UE GPS does not require GPS Assistance data to be transmitted to the UE. The GPS Assistance data is applied at the SRNC or A-GPS SMLC when the GPS digitized RF sample and timestamp are received from the UE to calculate the UE’s location fix.
If DGPS is utilised, then differential corrections may also be transmitted. If Selective Availability is turned off, these corrections can be valid for a few minutes or more. The DGPS data is valid for a large geographical area, so one centrally located reference receiver can be used to service this large region.
10.5
Position determination

There are three types of network-assisted GPS methods, namely UE-based, UE-assisted and Thin UE GPS, which differ according to where the actual position calculation is carried out.

Computation of the position fix can either be performed in UTRAN (i.e. SRNC or SAS) for UE-assisted and Thin UE GPS or in the UE for UE‑based.

The UE-based method maintains a full GPS receiver functionality in the UE, and the position calculation is carried out by the UE, thus allowing stand-alone position fixes.

In the UE-assisted method, the UE employs a reduced complexity GPS receiver functionality. This carries out the pseudorange (code phase) measurements. These are signalled, using higher layer signalling, to the specific network element that estimates the position of the UE and carries out the remaining GPS operations. In this method, accurately timed code phase signalling (as specified in [15] and [16]) is required on the downlink. 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.
In the Thin UE GPS method, the UE employs an even greater reduction in GPS receiver functionality, where all signal processing and location computation occur within the SMLC. Thin UE GPS only requires that RF in the GPS domain be sampled and sent from the UE to the SMLC. The capture of the RF sample by the UE requires very little processing since the UE is not required to acquire satelite signals. Rather, the UE merely takes a “snapshot” of all RF in the 1.5 GHz region (which includes GPS signals from visible satellites). It then down-converts the RF waveform, digitizes it, and and sends this data to the SMLC. The process of acquiring satellites and calculating the position of the UE rests with the SMLC. 
10.6
Network Assisted GPS positioning Procedure

The diagrams in Figure 10.4  illustrate the operations for network assisted GPS when the request for position information is initiated by a LCS application signalled from the Core Network. A detailed description of the positioning procedure is given as follows. Note that the procedure is for illustration purpose and actual implementations may vary.
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Figure 10.4: Network-assisted GPS methods
1.
The operation begins with an authenticated request for positioning information about a UE from an application in the core network being received at the SRNC. The SRNC acts as interface between the Core Network and the UE Positioning entities in the UTRAN. The SRNC considers the request and the capabilities of the UE and the UTRAN. In networks that include the SAS, the SRNC may invoke the SAS via the Iupc interface.

2.
Depending on the UE capabilities, the network sends to the UE certain GPS assistance information (however, not in the case of Thin UE GPS). This information may include: the reference time for GPS, the satellite IDs, the Doppler frequency, the search window and its centre, the ephemeris and clock corrections, the almanac, and other information specified in 10.5.1.


For UE-based method, jump to step 7.


For UE-assisted method, the SRNC may optionally request the following information before the assistance message(s) is (are) sent to the UE: the LMU update*, the RTT measurements (from the Node Bs in the active set) to compensate for the one-way propagation delays. The LMU (associated or stand-alone) returns the information containing the time difference between the Node B and the GPS (e.g. UTRAN GPS timing of cell frames or SFN-SFN Observed Time Difference ) to the CRNC. The Node B returns its RTT measurement to the CRNC. If the CRNC is not the SRNC, the CRNC forwards these information to SRNC.

For Thin UE GPS method, no LMU is required; the MS captures an RF sample in the GPS domain (~ 1.5GHz) and digitizes it; the MS also obtains a timestamp of when the RF sample was captured. This information is returned to the SRNC by the UE.
3.
In the case of UE-assisted method, the network requests from the UE the measurement of GPS satellite pseudoranges and other information specified in 10.5.1. These measurements may be made while the UE is in RRC connected mode CELL_DCH state. The SRNC may request SFN-SFN Observed Time Difference measurements and Rx-Tx timing difference information from the UE to support the processing related to the RTT measurements. In the case of Thin UE GPS, the network requests from the UE the digitized GPS RF sample and timestamp of capture.
4.
In the case of UE-assisted method, the UE returns to the network the measurement of GPS satellite pseudoranges and other information specified in 10.5.1. If requested, the UE returns to the SRNC SFN-SFN measurements and the Rx-Tx time difference information, together with a time stamp of when these values were obtained. In the case of Thin UE GPS, the UE captures an RF sample in the GPS domain (~ 1.5GHz) and digitizes it; the MS also obtains a timestamp of when the RF sample was captured. This information is returned by the UE to the network.
5
The UE position is calculated in the network.

6.
If there is insufficient information to yield a UE positioning estimate, the SRNC may start a new process from step 3, in the case of UE-assisted method, or request a larger amount of digitized GPS RF sample, in the case of Thin UE GPS.

7.
In case of UE based method, UE returns the position estimate to the SRNC. This estimate includes the position, the estimated accuracy of the results and the time of the estimate.

8.
In networks that include the SAS, the SAS passes the position estimate to the SRNC.

9.
The SRNC passes the position estimate to the CN.

NOTE:
The LMU update (of the time difference between the GPS and the Node B) may be performed on a per-request basis (with respect to each UE Positioning request) or be performed timely that is independent of individual UE Positioning request. The latter is preferable when there is a large volume of UE Positioning requests.

Annex A (informative):
Definitions and Terms

This annex provides definitions and terms for the general LCS. Not all of these are applicable to the UTRAN environment.

CAMEL: CAMEL is a network functionality, which provides the mechanisms of Intelligent Network to a UE.

Current Position: after a location attempt has successfully delivered a position estimate and its associated time stamp, the position estimate and time stamp is referred to as the 'current position' at that point in time.

Deferred location request: a location request where the location response (responses) is (are) not required immediately.

Frequency reference: the frequency reference of the UE obtained from the UTRAN radio interface that may be used to minimize the frequency search associated with acquiring GPS satellite signals. When the UE acquisition process is aligned to this reference, the carrier Doppler uncertainty that must be searched for a particular satellite signal need only account for minor residual uncertainties related to UE dynamics and initial position. This frequency reference may also be used to maintain the UE's estimate of GPS time between positioning events, thus making accurate GPS time available within the UE to support reacquisition of satellite signals.

Global Positioning System: the Global Positioning System (GPS) consists of three functional elements: Space Segment (satellites), User Segment (receivers), and Control Segment (maintenance etc.). The GPS receiver estimates its own location based on the observed times of arrival of the satellite signals.

Immediate location request: a location request where a single location response only is required immediately.

Initial Position: in the context of an originating emergency call the position estimate and the associated time stamp at the commencement of the call set-up is referred to as 'initial position'.

Last Known Position: the current position estimate and its associated time stamp for Target UE stored in the LCS Server is referred to as the 'last known position' and until replaced by a later position estimate and a new time stamp is referred to as the 'last known position'.

LCS (LoCation Services): LCS is a service concept in system (e.g. GSM or UMTS) standardisation. LCS specifies all the necessary network elements and entities, their functionalities, interfaces, as well as communication messages, due to implement the location service functionality in a cellular network.

NOTE:
LCS does not specify any location based (value added) services except locating of emergency calls.

LCS Client: a software and/or hardware entity that interacts with a LCS Server for the purpose of obtaining location information for one or more UEs. LCS Clients subscribe to LCS in order to obtain location information. LCS Clients may or may not interact with human users. The LCS Client is responsible for formatting and presenting data and managing the user interface (dialogue). The LCS Client may reside in the UE.

LCS Client Access barring list: an optional list of MSISDNs per LCS Client where the LCS Client is not allowed to locate any MSISDN therein.

LCS Client Subscription Profile: a collection of subscription attributes of LCS related parameters that have been agreed for a contractual period of time between the LCS client and the service provider.

LCS Feature: the capability of a PLMN to support LCS Client/server interactions for locating Target UEs.

LCS Server: a software and/or hardware entity offering LCS capabilities. The LCS Server accepts requests, services requests, and sends back responses to the received requests. The LCS server consists of LCS components, which are distributed to one or more PLMN and/or service provider.

Local Service: a service, which can be exclusively provided in the current serving network by a Value added Service Provider.
Local Information: information related to a given location, or general information, which is made available in a given location.

Location (Based) Application: a location application is an application software processing location information or utilising it in some way. The location information can be input by a user or detected by UTRAN or UE. Navigation is one location application example.
Location Based Service (LBS): a service provided either by teleoperator or a 3rd party service provider that utilises the available location information of the terminal. Location Application offers the User Interface for the service. LBS is either a pull or a push type of service (see Location Dependent Services and Location Independent Services).

Location Dependent Service: a service provided either by teleoperator or a 3rd party service provider that is available (pull type) or is activated (push type) when the user arrives to a certain area. It doesn't require any subscription in advance, but the push type activation shall be confirmed by the user. The offered service itself can be any kind of service (e.g. a public Xerox machine or the discount list in a store).

Location Independent Service: a service provided either by teleoperator or a 3rd party service provider that is available and therefore can be activated anywhere in the network coverage. It is activated by the user's request or by other user's activated service, and therefore it requires a subscription in advance (pull type). The offered service itself can be any kind of service (e.g. MMS, SWDL, or LBS!).

Position Estimate: the geographic position of a UE expressed in latitude and longitude data, and optionally altitude data. The Position Estimate shall be represented in a well-defined universal format. Translation from this universal format to another geographic positioning system may be supported, although the details are considered outside the scope of the primitive services.

Positioning : positioning is a functionality, which estimates a geographical position (of e.g. a UE).

Positioning method: a principle and/or algorithm that the estimation of geographical position is based on, e.g. AOA, TOA, TDOA. For example, GPS is based on TOA, and E-OTD (on GSM) or OTDOA (on UMTS) are based on TDOA.

Positioning technology: a technology or system concept including the specifications of RF interfaces, data types, etc. to process the estimation of a geographical position, e.g. GPS, E-OTD (GSM), and IPDL-TDOA (UMTS).

PLMN Access barring list: an optional list of MSISDN per PLMN where any LCS Client is not allowed to locate any MSISDN therein except for certain exceptional cases.

Predefined area: a geographical area that is not related to cell or radio coverage. The UE may take special action when it recognises it has entered or left a predefined area.

Privacy Class: list of LCS Clients defined within a privacy exception class to which permission may be granted to locate the target UE. The permission shall be granted either on activation by the target UE or permanently for a contractual period of time agreed between the target UE and the service provider.

Privacy Exception List: a list consisting of various types of privacy classes (i.e. operator related, personal etc.). Certain types of classes may require agreement between the service provider and the target UE.

Prohibited area: an area where the UE must not activate its transmitter. The Prohibited area may be a Predefined area described above or related to radio cell(s).

Subscription Profile: the profile detailing the subscription to various types of privacy classes.

Target UE: the UE being located.
Thin UE GPS:  a network assisted GPS-based position determination technology where the UE has reduced complexity and the SMLC performs the bulk of position related computation. The UE merely captures an RF sample in the GPS domain (~ 1.5 GHz), digitizes it, and sends this to the SMLC. Using the RF sample data (and other data, e.g., assistance data) the SMLC calculates the position of the UE.
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