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< NEXT MODIFIED SECTION >

4.4 Standard LCS Methods
The standard L CS methods supported within UMTS are::
- cell ID based method,;

- OTDOA method with network configurable idle periods (the idle period configurability is to be specified in the
specification); and

- network assisted GPS methods.

< NEXT MODIFIED SECTION >

5.3.2.1 UTRAN Location System Control Function (U-LSCF)

The UTRAN Location System Control Function in RNC is responsible for co-ordinating location requests within the
RNC handling entity. This function manages call-related and non-call-related location requests and allocates network
resources for handling them. This function "insulates" the Location clientsin the Core Network from the detailed
operation of the location method in order that the UTRAN may be used by several types of core network and with
several location methods.

The U-LSCF providesflow ...

< NEXT MODIFIED SECTION >

6.1 LCS signalling between SRNC and MSC/SGSN

LCS signalling between SRNC and MSC/SGSN is handled through the lu interface, which is described in clause
6.6-36.6.1.
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< NEXT MODIFIED SECTION >

6.6.4.1 Signalling between S-RNC and Target UE
LCSrelated signalling between an S-RNC and atarget UE is supported by the RRC protocol.

The location Request to UE signalling flow is generic for al UE based or assisted |ocation methods (OTDOA and
Network Assisted GPS).

SRNC UE
1. RRC Measurement Control
>
2. RRC Measurement Report
SRNC UE
1. RRC Measurement Control >

4. RRC Measurement Report

<

Figure 6.1: OTDOA /GPS Location Message Flow

1. The S-RNC determines possible assistance data and sendsa MEASUREMENT CONTROL request to the UE.

2. Provided that the location request meets the privacy criteria, the UE performs the requested measurements. If the
UE isableto calculate its own location, and this is requested, the UE computes a location estimate based on
measurements. Any assistance data necessary to perform these operations will either be provided in the
MEASUREMENT CONTROL request or be available from broadcast sources. The resulting measurements or
location estimate are returned to UTRAN inaMEASUREMENT REPORT response. If the UE cannot fulfil the
request, aMEASUREMENT CONTROL FAILURE messageis returned.
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< NEXT MODIFIED SECTION >

6.6.4.1.3 Broadcast of Assistance Data

In the UE Based OTDOA or Network Assisted GPS methods, where the measurements and/or location calculation is
donein the UE, assistance data may be broadcast to the UE.

The assistance data to be broadcast for UE Based OTDOA contains the Relative Time Difference (RTD) values (e.g. in
case of anon-synchronised network) and base station co-ordinates. In addition, the broadcast data may contain other
information to simplify the OTDOA measurements. The length of the message depends on how many neighbours are
included in the assistance data. Part of the broadcast message (e.g. the serving and neighbour base station geographic
co-ordinates) may be ciphered.

The assistance data to be broadcast for assisted GPS may contains a subset of or all of the following information:
reference time, reference location, DGPS corrections, ephemeris and clock corrections, er aswel-as and almanac and
other data. Part of the broadcast message may be ciphered.

The broadcast channel that is used for the OTDOA and GPS assistance data makes use of the common UTRAN
broadcast service.

< NEXT MODIFIED SECTION >

10.4 UE search

Provided that timing and/or data assistance is available in the UE, they should be applied in the GPS signal search.
procedure. UE search procedure involves a three-dimensional search for a satellite PRN (pseudorandom) code, time of
arrival of asignal and the associated carrier Doppler.

"Modulation wipe-off" is defined here to mean aremoval of the GPS navigation data bit modulation to GPS signals
received at the UE, through the application of UTRAN timing and data assi stance provided from the UTRAN to the UE.
This process allows the UE to coherently integrate received GPS signals beyond 1 data bit period (i.e., 20 milliseconds).
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< NEXT MODIFIED SECTION >

10.5.2 UE-assisted method

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 location of the UE and carries out the remaining GPS operations. In this method, accurately
timed code phase signalling (as specified in [17] and [18]) isrequired 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 location accuracy without extra signalling to the UE.

The following information may be signalled from the UTRAN (LSIF) to the UE:
- number of satellites for which assistance is provided,
- referencetime for GPS (Tyrran-cps) (Specified in [17] and [18]);
- satellite ID for identifying the satellites for which the assistance is provided;
- doppler (0™ order term);
- Doppler Search Window width;
- doppler (1% order term);
- code phasg;
- code phase centre and Search Window width;
- ephemeris;
- amanac;
- azimuth;
- elevation.

The following information may be signalled from the UE to the UTRAN (LSIF):
- referencetime for GPS (Tye.gps) (Specified in [17] and [18]);

- number of Pseudoranges,
- SVID;

- satellite C/No;

- doppler;

- satellite Code Phase;

- multipath indicator;

- pseudorange RMS Error.

Additional parameters, ...
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4.1 Assumptions

Asabasisfor the operation of LCSin UTRAN the following assumptions apply:

- the UE must support SFN-SFN observed time difference type 2 measurements, thus support of network based
OTDOA without idle periodsis mandatory in the UE.

- both; TDD and FDD will be supported in release '99;

- theprovision of the location servicein UTRAN is optional through support of the specified method(s) in Node -
B and the CRNC;

- LCSisapplicableto any target UE whether or not the UE supports LCS, but with restrictions on choice of
location method or notification of alocation request to the UE user when LCS or individual location methods,
respectively, are not supported by the UE;

- RNC contains SMLC functionality and LCS information is transported between RNCs viathe lur interface;
- LCSshall be applicable for both circuit switched and packet switched services;

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

- there are different types of LMU, e.g. astandalone LMU and/or LMU integrated in Node B;

- thelocation process 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.

441 Cell ID Based Method

Inthecell ID based (i.e. cell coverage) method the location of an UE is estimated with the knowledge of its serving
Nnode -B. The information about the serving Nnode -B and cell may be obtained by paging, locating area update, cell
update, URA update, or routing area update.

The cell coverage based location information can be indicated as the Cell Identity of the used cell, the Service area
identity or as the geographical co-ordinates of alocation related to the serving cell. The location information shall
include a QoS estimate (e.g. regarding achieved accuracy).

When geographical co-ordinates are used as the location information, the estimated |ocation of the UE can be afixed
geographical location within the serving cell (e.g. location of the serving Nnode -B), the geographical centre of the
serving cell coverage area, or some other fixed location within the cell coverage area. The geographical location can
a so be obtained by combining information on the cell specific fixed geographical location with some other available
information, such asthe signal Round Trip Time (RTT) in FDD (as specified in [17]) or Rx Timing deviation
measurement (as specified in [18]) and knowledge of the UE timing advance, in TDD.

The operation of the cell 1D based location method is described in clause 8.

5 UTRAN LCS Architecture

Figure 5.1 shows the general arrangement of the Location Service feature. Thisillustrates, generally, the relation of
LCS Clients and serversin the core network with the UTRAN. The definition and operation of LCS entities operating in
the core network is outside the scope of the present document. The LCS entities within the UTRAN communicate with
the Core Network (CN) across the lu interface. Communication among the UTRAN LCS entities makes use of the
messaging and signalling capabilities of the UTRAN.

As part of their service or operation, the LCS Clients may request the location information of User Equipment (UE)
(UE without avalid SIM/USIM) or mobile stations. There may be more than one LCS client. These may be associated
with the core network, associated with the UTRAN, operated as part of a UE application or accessed by the UE through
its access to an application (e.g. through the Internet).
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Within the UTRAN, typically the serving RNC, receives authenticated requests for LCS information from the core
| network acrossthe lu interface. LCS entities then manage the UTRAN resources, including the Node -Bs (base
stations), LMU, the UE and calculation functions, to estimate the location of the UE and return the result to the CN.

LMU T H
TypeA » CBC |
|___!____I
i 3G- HLR
Uu lugc _:_ SGSN
T ! Lh -}
NodeB| 'Ub [SRNC |/ Iu 3G- | Lg
UE | — L |vee Y MSC/VLR Gateway Lix;erlr_lal ;
(LMU | functio- ! I MLC clien
TypeB) nality)
%Iur __Lg Lc
NodeB | lub RNC Gateway
MU MLC
TypeB) gsmSCF
Other PLMN

NOTE:  This figure is taken from TS 23.002, Network Architecture.

Figure 5.1: General arrangement of LCS in UMTS

5.1 LCS Operations

The schematic functional description of LCS operationsin UMTS s defined in [1].
Upon request from the UMTS LCS entities or for internal operations, the UTRAN LCS functional entities will:
- reguest measurements, typically from the UE and one or more Node -B radio apparatus,
- send the measurement results to the appropriate calculating function within UTRAN;
- receive theresult from the calculating function within UTRAN;
- perform any needed co-ordinate transformations;
- send the results to the LCS entities in the core network or to application entities within UTRAN.

In the event that the client isinternal to UTRAN the request may be made directly to the UTRAN LCS entities as the
internal clients are considered to be "pre-authorised”.

As part of its operation, the UTRAN LCS cal culating function may require additional information. This may be
obtained by the function directly by communication with a database, or it may be through arequest to UTRAN LCS
entities that will mediate the request and return of information from the appropriate database (or databases if more than
oneis needed to fulfil the requests).

There may possibly also be available independent information that is able to supply the location information directly, or
may be able to supply auxiliary information to the calculation function. The UTRAN LCS co-ordination function, as
part of its activity to supervise the location process, may query the UE or other elements of the UTRAN to determine
their capabilities and use this information to select the mode of operation.
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This general operation is outlined in the following (generic) sequence diagram figure 5.2. This figure is not intended to
show the complete LCS operation for UTRAN, but to simply to outline the basis for operation.

CN LCS UTRAN |Coordination Measurement | Calculation
Entities Entities

Location R

Request "

measure request
>

>

measurements
<

<

calculation request

\4

_ calculation results

Location
Response

Figure 5.2: General sequence for LCS operation

5.2.1 Co-ordination, Measurement and Calculation Functions

These UTRAN functions (including functionsin the System handling and Positioning groups) provide the
co-ordination, measurement and cal culation functions needed to provide alocation estimate. The functions interface
with the requesting application and select the appropriate location method and speed of response. The functions
co-ordinate the operations of the radio and measurement equipment to transmit the needed signals and to make the
needed measurements. The measurements may be made by Node -Bs, radio apparatus associated with the Node -B or
separate Location Measurement Units (LMU) that may be associated with Node -B, independently located or remote
(i.e. communicating over the Uu interface).

The functions may also access databases or other sources of information appropriate for the location method. The
functions also provide the calculation functions appropriate for the location method to estimate the UE location and the
accuracy of the report. The functions may also make co-ordinate transations to the geographic co-ordinate system
requested by the application. The functions also may record information on the usage of the LCS that may be used for
administrative purposes (e.g. forwarded to a billing function in the Core Network). If needed by the location method,
the functions will ensure the broadcast of information and gather and update information concerning UTRAN operating
parameters (e.g. timing of Node -B transmissions) needed for LCS operations.

These entities are mainly concerned with the location method, controlling the radio equipment and performing the
calculations to determine the location and thus may be associated with the RNC in the UTRA access network. These
functions may receive location requests from either the core network or from applications internal to the UTRAN.

The UTRAN LCS entities may also request the subscription and authorisation functions in the core network to
authenticate an application or a UE subscription or to verify the subscriber privacy parameters.

These functions communicate with the core network across the lu interface, with other entitiesin the UTRAN across the
lur interface and with the Node -B and LMU across the lub interface and with the UE and the remote LMU across the
Uu interface.

5.3 UTRAN LCS Functional Entities

The diagram of the UTRAN LCS functional entitiesis shown in figure 5.3. In this arrangement, the LCS clientsin the
core network communicate with the UTRAN LCS entities across the lu interface. The LCS RNC Handling Entities and
the Positioning Handing Entities work together with the UE to measure and cal culate the location information for the
reguested target UE. These entities within the UTRAN are described in more detail in the following subclauses.

3GPP
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The figure shows the general arrangement of the Location Service feature in UTRAN. LCS entities are added to the
UTRAN to provide the location service. Communication among these entities makes use of the messaging and
signalling capabilities of the UTRAN across the lu, lur, lub and Uu interfaces. A Location Measurement Unit (LMU) is
aso added to the UTRAN to make measurements as needed by the selected location method.

This figure does not include elements of the next generation mobile Core Network, but focuses on those that participate
with the LCS functions in the UTRAN. The association of the LCS entities within the Core Network (CN) (e.g. with
3G-MSC or 3G-SGSN) is outside the scope of the present document and is not illustrated in the diagram.

Within the UTRAN, the LCS Entities may be associated with, or part of the RNC, the Node -B and the UE. Internal
LCS Applications may aso be part of the RNC and the UE.

The mobile position calculation function (PCF) islogically associated with the Serving RNC in UTRAN.

The LCSin UMTS also makes use of the standardised Iur interface between RNCs, when base station information,
measurements and results are collected.

The functional model presented in the figure includes functional entities for UE utilising either or both circuit switched
(CS) and packet switched (PS) services. This model also supports of all the entities needed for different location
methods (e.g. network based, mobile based, mobile assisted, and network assisted (see note 1) methods) exploiting
either uplink or downlink measurements.

NOTE 1: In thisapproach mobile station may use the GPS technique but still make use of auxiliary information
from the serving network.

I mplementations may often associate the UTRAN LCS Entities with an RNC (asillustrated in the figure). However, for
networks with a small volume of LCS requests, the LCS Entitiesin the UTRAN may also be implemented as a separate
element (server) which interfaces with the RNCs, and the Node -B/LMUs.

NOTE! The picture below has been changed: D-RNC replaced by DRNC, S-RNC replaced by
SRNC and Node-B replaced by Node B.

LMU (remote) UTRAN LCS Entities
D-RNC
A

lur

[ UE \ S AN Core Network (CN)
S-RNC Location LCS Entities
@ Handling Entities RSE;I':/'IECSF; (Client, Subscriber)
‘ @ Lo )« Location >
-
lu
Positioning
Handling PRCF
Entities 'y
I \_ ) )
E |
tes () |
Application
A 4
— Uu @
Node_-B, LMU
Figure 5.3: UTRAN LCS Functional Entities
5.3.3.1 UTRAN Position Radio Co-ordination Function (U-PRCF)

The UTRAN Position Radio Control Function manages alocation request for a UE through overall co-ordination and
scheduling of resources to perform location measurements. This function interfaces with the U-PSMF, the U-PRRM
and the U-PCF. The U-PRCF determines the location method to be used based on the location request, the QoS, the
capabilities of the UTRAN, and the UE’s capabilities. The U-PRCF a so manages the needed radio resources through
the U-PRRM. It determines which U-PSMFs are to be involved, what to measure, and obtains processed signal
measurements from the U-PSMF.
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Some location methods may involve measurements made at the UE. In this case the U-PRCF interfaces with the UE to
obtain the measurements (or the location results if they have been determined by the UE). Some location methods may
involve measurements or information from several sources, including radio units at several Node -B (or other Location
Measurement Units (LMU)) and involve a series of transmissions and receptions. The U-PRCF entity also provide
ancillary measurements in case of network-assisted location method. Ancillary information may be extracted from
navigating systems like GPS.

The U-PRCF forwards the signal measurement data to the U-PCF.

It is the function of the U-PRCF to co-ordinate the sequence of activities and compensate for failures (if they occur) to
provide the location estimate.

5.3.3.3 UTRAN Position Signal Measurement Function (U-PSMF)

The UTRAN Position Signal Measurement Function (U-PSMF) is responsible for performing and gathering uplink or
downlink radio signal measurements for use in the calculation of a UE’s location. These measurements can be location
related or ancillary.

| There may be one or more PSMF within a UTRAN and they may be located at the UE, the Node -B, or a separate
Location Measurement Unit (LMU). The PSMF, generally, may provide measurement of signals (i.e. satellite signals)
in addition to measurements of the UTRA radio transmissions. The measurements to be made will depend on the
selected location method.

54 Assignment of LCS Functional Entities to UTRAN Elements

The preceding figure 5.3 and the following table 5.1 show the generic configuration for different location methods,
including network-based, mobile-based, mobile-assisted and network-assisted methods. With this approach both the
network and the mobiles are able to measure the timing of signals and compute the mobile’s location estimate.
Depending on the applied location method it is possible to utilise the corresponding configuration containing all needed
entities. For instance, if a network-based location method is applied, the entities that are involved in measuring the
mobile’s signal and calculating its location estimate are allocated to the network elements of the access stratum. On the
other hand, in case mobile-based or network-assisted methods are used these entities should be all ocated to the mobile
station.

Table 5.1: Example Allocation of LCS Functional Entities to Network Elements

U- UE | Node-B | LMU RNC
LCF X X
LSCF X
PRCF X
PCF X X
PRRM X
PSMF X X X
LSOF X X X X

5.5 Functional Description of UTRAN LCS Network elements

55.1 Radio Network Controller (RNC)

5.5.1.1 Serving RNC

The Serving RNC (SRNC) is a network element of UTRAN and contains functionality required to support LCSin one
PLMN.

The SRNC manages the overall co-ordination and scheduling of resources required for the location of a mobile. It also
calculates the final location estimate and estimates the achieved accuracy.

The SRNC may control a number of LMUs for the purpose of obtaining radio interface measurements to locate or help
| locate M'S-UE subscribersin the area that it serves. The SRNC is administered with the capabilities and types of
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measurement produced by each of its LM Us. Signalling between an SRNC and LMU istransferred using the lub
interface, sometimes the lur interface. The following measurements returned by an LMU to an SRNC have a generic
status in being usable for more than one location method:

- radio interface timing information.

The SRNC and GMLC are connected through the 3G-VM SC or 3G-SGSN. When the VMSC and GMLC arein
different PLMNSs, they are interconnected viathe Lg interface.

5.5.1.2 Other RNC

55.1.2.1 Controlling RNC

The Controlling RNC isa UTRAN element that has the role to control Node -Bs. The controlling RNC may ask its
associated NodeBs and LMUs for LCS measurements. The measurement results are delivered from the LM Usto the
Controlling RNC that then forwards the results to the serving RNC.

5.5.1.2.2 Drift RNC

Drift RNC isa UTRAN element that has active link to the UE that shall be located. Drift RNC may ask its associated
Node Bsfor LCS measurements. The measurement results are delivered from the Node Bs and to the Drift RNC that
then forwards the results to the serving RNC.

5.5.2 Node B

Node B is a network element of UTRAN that may provide measurement results for location estimation. It contains a
PSMF and makes measurements of radio signals and communicates these measurements to the SRNC.

The Node B may make its measurements in response to requests (e.g. from the SRNC), or it may autonomously
measure and report regularly or when there are significant changesin radio conditions (e.g. changesin the RTD).

5.5.3 Location measurement unit (LMU)

The LCS Measurement Unit (LMU) entity makes measurements (e.g. of radio signals) and communicates these
measurements to the S-RNC (e.g. the PRCF). The LMU contains a PSMF and may also perform cal cul ations associated
with the measurements.

The LMU may make its measurements in response to requests (e.g. from the S-RNC (e.g. the PRCF)), or it may
autonomously measure and report regularly (e.g. timing of Node -B transmissions) or when there are significant
changesin radio conditions (e.g. changesin the RTD).

There may be one or more LMU associated with the UTRAN and an LCS request may involve measurements by one or
more LMU. The LMU may be of several types and the S-RNC will select the appropriate LMUs depending on the LCS
method being used.

The LMU may be used, for example, to measure UTRA transmissions either uplink or downlink. These measurements
may be made either, for example, to locate the UE or to measure a system parameter needed by the LCS system such as
the timing offset (RTD) of transmissions of two or more base stations. The LMU may a so measure other transmissions,
such asthose of satellite navigation systems (i.e. the Global Position System (GPS)) and either report the measurements
for use by the S-RNC (e.g. the PCF), or report the location results as determined by internal calculations of the LMU).
The details of the measurements to be made by the LMU will be defined by the chosen L CS method.

An LMU makes radio measurements to support one or more location methods. These measurements fall into one of two
categories:

(a) location measurements specific to one UE and used to compute its location;
(b) assistance measurements applicable to all UEsin a certain geographic area.

All location and assistance measurements obtained by an LMU are supplied to a particular S-RNC associated with the
LMU. Instructions concerning the timing, the nature and any periodicity of these measurements are either provided by
the S-RNC or are pre-administered in the S-RNC (e.g. using O&M).
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There are two classes of LMU:
- Stand-Alone LM U: accessed over the UTRAN air interface;
- Associated LM U: accessed over the lub interface.

The associated LMU signalling protocol isthe NBAP. The protocol for stand-alone LMU signalling has not been
defined yet.

NOTE 1. The stand-alone LMU signalling protocol could be, for example, RRC or LLP, but thisis still for further
study.

Stand-AloneLMU

A stand-alone LMU is accessed exclusively over the UTRAN air interface (Uu interface). Thereis no other connection
from the stand-alone LM U to any other UTRAN network element.

NOTE 2: Thisdoes not preclude a stand-alone LMU from also communicating with other networks (e.g. GSM)
through interfaces that are not part of the present document.

A stand-alone LMU has a serving -—Node -B that provides signalling access to a controlling S-RNC. A stand-alone
LMU also has a serving 3G-MSC, VLR and a subscription profilein an HLR. A stand-alone LMU always has a unique
IMSI and supports al radio resource and mobility management functions of the UTRAN air interface that are necessary
to support signalling. A stand-alone LM U shall support those connection management functions necessary to support
LCS signalling transactions with the S-RNC and may support certain call control functions of to support signalling to an
S-RNC using acircuit switched data connection.

NOTE 3: A network operator may assign specific ranges of IMSI for its LMUs and may assign certain digits within
the IMSI to indicate the associated S-RNC. Certain digitsin the IMS| may also be used as alocal
identifier for an LMU within an S-RNC.

To ensure that a Stand-alone LMU and its associated S-RNC can always access one another, an LMU may be homed
(camped) on a particular cell site or group of cell sites belonging to one 3G-M SC. For any Stand-alone LMU with a
subscription profile in an HLR, a special profile may be used to indicate the assigned supplementary services (e.g. the
SMS-PP MT for data download viathe SIM application toolkit, and barring of all incoming and possibly outgoing
cals). Anidentifier in the HLR profile also distinguishes an LMU from anormal UE. All other data specific to an LMU
isadministered in the LMU and in its associated S-RNC.

Associated LM U

An associated LMU is accessed over the lub interface from an RNC. An associated LMU may make use of the radio
apparatus and antennas of its associated Node -B. The LMU may be either alogically separate network element
addressed using some pseudo-cell 1D, or connected to or integrated in a Node -B. Signalling to an associated LMU is by
means of messages routed through the controlling Node -B.

An associated LMU may be separated from the Node -B, but still communicate with the S-RNC viathe Node -B Iub
interface. The interface between the associated LMU and its Node -B is not part of the present document.

NOTE 4. An associated LMU is not precluded from also communicating with other networks (e.g. GSM) through
interfaces that are not part of the present document.

M easur ements

The assistance measurements obtained by an LMU have are generic and are usable by more than one location method.
Theseinclude:

- Radio Interface Timing measurements. include Absolute Time Differences (ATDs) or Relative Time
Differences (RTDs) of the signals transmitted by Node -B, where timing differences are measured relative to
either some Absolute Time Difference (ATD) or the signals of another Node -B (RTD);

- Inter-System Timing measurements: include the Absolute Time Difference (ATD) or Relative Time
Difference between the UTRAN radio signals transmitted by a Node -B and an external system such as the GPS
satellite navigation system or GSM.
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6.6.2 lur Interface
L CS operations at the lur interface are defined in [14].

The lur interface is used to communicate between the LCS functional entities associated with the serving RNC and
other RNC in the UTRAN. The lur interface is also used to communicate between the serving RNC and the Internal
LCS Applicationsin the UTRAN. The LCS entities associated with the serving RNC are responsible for co-ordinating
and responding to location requests received from the LCS entities in the core network or Internal Clients.

When communi cating between the serving RNC and the UTRAN Internal LCS Applications (ILA), the messages and
protocols are the same as those used over the lur interface.

The lur interface is al so used to communicate between the LCS Entitiesin the serving RNC and those in other RNC.
The location method, for example, may require measurements by several LMU or Node -B, some of which may be
associated with other RNC. Commands and responses from these L CS Entities are communicated over the lur interface.
In some cases, the LCS Entities in the serving RNC may make use of entities associated with other RNC. For example,
acalculating function (PCF) may be used in another RNC if the serving RNC is too busy or does not contain the
function or database information required by the chosen location method.

The lur interface may also pass messages relating to changes or reporting of the data associated with the Location
System Operations Function (LSOF) in the RNC.

lur shall be used for LCS signalling whenever it is available, even in the case when the RNCs connected to different
3G-MSCs or 3G-SGSN.

Within UTRAN, lur supports inter-RNC soft handover. Inter-RNC handover should also include L CS, meaning that
whenever an inter-RNC soft handover occurs, lur should be able to support the functionality of the LCS entitiesin
RNCs, including PCF, PRRM, PSMF, and L SOF.

In addition, in case of SRNC relocation lur should support the relocation mechanism in order for DRNC to be able to
handle the responsibility of SRNC in LCS process. That is, to transfer the PCF, PRRM, PSMF, and L SOF functionality
from SRNC to DRNC. lur shall be used aso to collect RTD and other LCS information from base stations under
different RNCs that are not involved in handover.

6.6.3 lub Interface

LCS operations at the lub interface are defined in [15].

The lub interface is used to communicate among the LCS entities associated with the serving RNC, the Node -B and the
associated Location Measurement Units (LMU).

Thisinterface passes the request for measurements, the measurement results and requests for LCS related transmissions
or other radio operations needed by the location method (e.g. broadcast of parameters needed for a UE based location
method).

The lub interface may also pass messages relating to changes or reporting of the data associated with the Location
System Operations Function (LSOF) in the Node -B or the LMU.

6.6.3.1 Signalling between RNC and associated LMU

Signalling exchanges between an RNC and a LMU under the control of that RNC will be specified in the NBAP
protocol for associated LMUs.

The protocol layers employed to enable signalling between the RNC and an associated LMU are defined in 25.430. The
LMU signalling information elements are included directly in the NBAP protocol, defined in 25.433.

6.6.4 Uu Interface

LCS operations at the Uu interface are generally defined in [1]. This specification defines in more detail the procedures
needed for messaging for each individual location method.
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The Uu interface is used to communicate among the L CS entities associated with the RNC, the UEs and the stand-alone
Location Measurement Units (LMU) (the Uu interface is also used to communicate between the LCS entities in the core
network and the UE. Those communications are beyond the scope of this specification).

Thisinterface may pass measurement requests and results to and from the UE or the stand-alone LM U.
The Uu interface may a so pass location requests from internal or external LCS Applications at the UE.

NOTE: These requests may require the services of the LCS entities associated with the core network to
authenticate clients and subscriber subscriptions to aspects of the LCS.

The Uu interface may also be used for broadcast of information that may be used by the UE or stand-alone LMU for
their LCS operations. This may, for example, include timing and code information about nearby Node -B transmissions
that may assist the UE or LM U in making their measurements.

The Uu interface may also pass messages relating to changes or reporting of the data associated with the Location
System Operations Function (LSOF) in the UE or the remote LMU.

6.6.4.1 Signalling between S-RNC and Target UE
LCS related signalling between an S-RNC and atarget UE is supported by the RRC protocol.

The location Request to UE signalling flow is generic for al UE based or assisted location methods (OTDOA and
Network Assisted GPS).

NOTE: S-RNC changed to SRNC in the picture below.

S-RNC UE

1. RRC Measurement Control

4. RRC Measurement Report

Figure 6.1: OTDOA /GPS Location Message Flow

1. The S-RNC determines possible assistance data and sendsa MEASUREMENT CONTROL request to the UE.

2. Provided that location reguest meets the privacy criteria, the UE performs the requested measurements. If the UE
isableto calculate its own location, and thisis requested, the UE computes a location estimate based on
measurements. Any assistance data necessary to perform these operations will either be provided in the
MEASUREMENT CONTROL request or be available from broadcast sources. The resulting measurements or
location estimate are returned to UTRAN inaMEASUREMENT REPORT response. If the UE cannot fulfil the
request, aMEASUREMENT CONTROL FAILURE message s returned.

6.6.4.1.1 Assistance Data Delivery to UE

The assistance data signalling flow illustrated here is generic for UE based |ocation methods, including OTDOA and
Network Assisted GPS. Note that if the assistance datais sent as part of a broadcast message, then no assistance data
acknowledgement is required.
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SRNC UE

1. RRC Measurement Control

Figure 6.2: OTDOA or GPS Assistance Data Delivery Flow

1. The S-RNC determines assistance data and sendsit in the RRC MEASUREMENT CONTROL message to the
UE.

8 Cell ID based location method

| Inthe Cell ID based method, the S-RNC determines the identification of the cell providing coverage for the target UE.
This subsection outlines the procedures for this location method. Sub-section 8.1 provides procedures for the
determination of the cell 1D depending on the operational status of the target UE. Sub-section 8.2 discusses the relation
between the L CS location service and the Support of Localised Service Area (SoLSA) feature. Sub-section 8.3 provides
aprocedure for the mapping of the Cell ID to a corresponding Service Area Identifier (SAl) to be returned to the LCS
application in the core network. The general flow to determine the cell 1D is shown in figure 8.1.

UE LMU Node B SRNC

Request to locate UE

UE is in a state where no cell ID is available (for example URA_PCH) or
in idle mode

Forced state transition (e.g. by paging)

State transition
>

RTT Request

<

RTT Measurements

Mapping the cell
ID to the cell
coverage or
service area

LCS Response

>
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UE | LMU | | Node-B | | SRNC|
| Keduest to locate UE

UE is in a Cell_DCH, Cell_PCH, or Cell_FACH State
RTT Request

RTT Measurement$

UE is in a state when there is no cell ID available (for
exanjple in URA_PCH, idle njode)

¢ Forcedlstate transition (e.g. by haging)

State transition

—»

Mapping the |
cell_ID to the cell |

coverage or |

Service Area

LCS Resp‘ onsg
] ] | |

Figure 8.1: Cell ID Based Method

8.1 Cell ID determination

In order for the S-RNC to determine the cell ID when an LCS request is received, additional operations may be needed
depending on the operational status of the UE.

Figure 8.1 illustrates the procedure for the cell ID based location method when the UE isin different RRC states. When
the LCS request is received from the core network the S-RNC checks the state of the target UE. If the UE isin a state
where the cell ID isavailable, thetarget cell 1D is chosen as the basis for the UE location. In states where the cell 1D is
not available, the UE is paged, so that S-RNC can establish the cell with which the target UE is associated. In order to
improve the accuracy of the LCS response the S-RNC may also request RTT or RX Timing Deviation measurements
from the Node B or LMU associated with the cell ID. The SSRNC may also map the cell 1D to a corresponding Service
Arealdentifier (SAl) to match the service coverage information available in the core network.

The cell ID based method shall determine the location of the UE regardless of the RRC state, including URA_PCH,
Cell_PCH, Cell_DCH, Cell_FACH, cell reselection, inter-system modes, as well as an idle mode.

8.1.1 UE Cell ID is not known

For UE for which the cell ID isnot known at the time the LCS request is received at the S-RNC, the UE may be paged
to locateits current cell ID. If the UE isin an idle mode and there is a need for it to be paged, then the paging may be
initiated either by the core network or by the SSRNC in the UTRAN access network. For example, the UE can be forced
to perform atransition to a Cell_FACH state to define the cell 1D of its current cell.

If the UE isin anidle mode, Cell_PCH state or in any other state when there is a need to page for the UE to obtain the
cell ID, the Core Network may initiate paging, authentication and ciphering, as specified in TS 23.171.

Alternatively, the cell ID may be determined as the one that was used during the last active connection to the UE. This
determination should be accompanied by the time-of-day of the last connection in the cell.

8.1.2 UE Cell ID is known

8.1.2.1 UE not in Soft handover

The cell ID may be determined as the cell that is providing an active connection for the UE at the time of receiving the
LCSrequest at the SSRNC.
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8.1.2.2 UE in Soft handover

In order for the S-RNC to provide the geographical co-ordinates of atarget UE in soft handover, the S-RNC combines
the information about all cells associated with the UE.

In soft handover, the UE may have several signal branches connected to different cells, reporting different cell IDs. A
reference cell 1D may be determined by the SSRNC based on the coverage area of each cell. The reference cell ID may
be selected based on one or more of the following principles:

- thecell ID may be selected based on the parameters defining the quality of the received signal branches. That is,
the cell 1D with the best quality signal branch is selected as the reference cell 1D;

- thecell ID may be selected that was used during connection set-up between the UE and the serving Node B;
- thecell ID of the cell most recently associated with the UE may be selected;;

- thecell ID of thelatest "new" cell that the UE has started to receive, but has not yet been handed over to may be
selected;

- thecell ID may be selected as the cell to which UE has the shortest distance (to the Node -B site);

- thecell ID may be selected as the cell that provides an active connection for the UE at the time of receiving
theL CS request at the S-RNC.

The selection may also be based on measurements of Round Trip Time, power levels and received signal strengthsin
UE and related Node B or LMU.

Other relevant mechanisms such as Idle Period Downlink, (IPDL) or Site Selection Diversity Transmit power control
(SSDT) should aso be taken into account when applying the cell 1D selection procedure for UE in a soft handover
mode.

8.3 Mapping the Cell ID to Geographic Co-ordinates or a
Service Area

A UTRAN cell ID should be mapped to geographical coordinates or a Service Area ldentifier (SAl) before being sent
from UTRAN to the core network. The Service Area ldentifier may include one or several cells. The mapping may be
accomplished either in the S-RNC, in a Network Management System (NMS, including Network Management Unit,
NEMU) or by co-operation of various access network elements.

The core network may request the geographical co-ordinates or the SAl, or both for the target UE. The SAl may be used
for routing of corresponding Emergency calls, or for CAMEL servicesto correspond to the usage of Cell ID in the core
network of GSM. However, the MSC shall not send the Service Area Identity to GMLC.

Although the mapping of the cell(s) associated with the target UE into geographical co-ordinates by the S-RNC is not
standardised, the response to the core network location request with geographical co-ordinates shall be asdefined in TS
23.032.

It should be noted that the Service Area concept is different from the Localised Service Area concept used for SOLSA
services.

In order to determine acell coverage estimate and to map it to the geographical coordinates or Service Area parameter
Identity, the SSRNC may use parameters such as the best reference signal, Round Trip Time (RTT) in FDD [17] or Rx
Timing Deviation [18] and knowledge of the UE timing advance in TDD, as well as antenna beam direction parameters.

Alternatively, the service area coverage of acell may be determined by using areference signal power budget. Based on
the reference signal power budget it is possible to obtain, for example, the base station transmitted power, isotropic path
loss, coverage threshold at coverage area border for a given location probability, and a cell radius for an indoor and
outdoor coverage.

The S-RNC may use areference signal link budget based cell radius estimate, in conjunction with the cell identifier, to
make a coverage estimation for the cell(s) related to the target UE.

Additionally, the SSRNC may compare the received power levels with the power budget, whereby more accurate
information of the location of the UE may be provided.
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Also, the interaction between neighbouring cell coverage areas may be used to determine a more exact location of the
UE.

9.6 OTDOA network location procedures

The following diagram illustrates the operations for the OTDOA-LCS when the request for location information is
initiated by an LCS application signalled from the Core Network. As these operations are internal to the RNC, this
diagramistoillustrate information flow and implementations may use alternate arrangements.

Thisillustration only includes the information flow related to L CS operations and does not indicate other operations that
may be required, for example, to establish a signalling connection between the UE and the SRNC. Also not illustrated is
the signalling used to initiate the location service request (from the Location Client Function) from the Core Network or
a UE based application.

UE Node-B SRNC
(e.g. PSMF) PSMF LSOF PRCF PCF LSCF
| | | |
l I I l 2 | CS request 1
) —— =
| Location request .
! OTDOA measurement request 3 I: | from Client
< t ' | Interface
| o | |
| UE TX-Rx timing request 4 | |
o T frmmmmmm o [Fmmmmmmm s Bl |
5 OTDOA Measurements ! I J I |
gl | |
| ' | I |
6 UE TX-Rx timing measurement | | | |
1 L » | |
| | | | |
| | | | |
| l | | |
! P— Rrsequent 7| | |
|
| | | | |
| RTD Request 8 | I :
| ' | | |
| O RTT Measurements I o | |
| | | | |
| | |
| L0 RrrDdata | ! |
| | l 1
I I:l_:l_(:rzllculation request (with measures)
I .
| | | |
| I |
Locatign Estimate 1.2 :
) 1
| ! |
l 13 Response to LSCF |
I |
i i n14

I I I LCS response

Figure 9.2: OTDOA Signalling Operations

1. The operation begins with an authenticated request for location information about a UE from an application in
the core network being received at the LSCF. The LSCF acts as interface between the Core Network and the
LCSentitiesin the UTRAN.

2. The LSCF considers the request and the capabilities of the UE and the network and forwards the request to the
appropriate PRCF in the Serving RNC.

3. The PRCF requests from the UE the measurement of the OTDOA for the signalsin the active and
neighbourhood sets. These measurements may be made while the UE isin the idle state or while it is connected.

4, If itis considered advantageous to do so, the PRCF requests the UE TX-Rx timing difference information from
the UE.

5. The UE returns the OTDOA measures to the PRCF. The PRCF receives the OTDOA information and co-
ordinates obtaining other information to support the calculation request (not illustrated).

6. The UE returnsthe UE TX-Rx timing difference information to the PRCF, together with a time stamp of when
the value was obtained.
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7. If there areinsufficient OTDOA measures, or it is otherwise considered advantageous to do so, the PRCF
requests the RTT measure for the UE from the PSMF in the serving Node -B.

8. The PRCF requests the RTD measures for the associated transmitters from the L SOF (database). These may be
stored locally if they are constant over time, otherwise they must be updated to represent the RTD timing at the
time-of-day the OTDOA measurements were made.

9. The PSMF in the Node -B returnsthe RTT measures to the PRCF if they were requested.
10. The LSOF returns the RTD information to the PRCF.

11. The PRCF passes the OTDOA, RTD and, if necessary, RTT information to the PCF and requests a location
calculation. The calculation may include a co-ordinate transformation to the geographic system requested by the
application.

12. The PCF returns the location estimate to the PRCF. This estimate includes the location, the estimated accuracy
of the results and the time of day of the estimate.

13. The PRCF passes the location estimate to the LSCF.

14. The L SCF passes the location estimate to the Core Network.

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 isanetwork functionality, which provides the mechanisms of Intelligent Network to a mobile user.

Current Location: after alocation attempt has successfully delivered alocation estimate and its associated time stamp,
the location estimate and time stamp is referred to as the "current location’ at that point in time.

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

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

Initial Location: in the context of an originating emergency call the location estimate and the associated time stamp at
the commencement of the call set-up isreferred to as'initial location’.

Last Known Location: the current location estimate and its associated time stamp for Target UEMS stored in the LCS
Server isreferred to as the 'last known location’ and until replaced by a later location estimate and a new time stamp is
referred to asthe 'last known location'.

LCS (LoCation Services): LCSisaservice 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: LCSdoes not specify any location based (value added) services except locating of emergency calls.

L CS Client: a software and/or hardware entity that interacts with a LCS Server for the purpose of obtaining location
information for one or more Mobile Stations. 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 Meobile Station-(MS)UE.

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

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

L CS Server: asoftware 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: aservice, 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 (/location detecting): location is afunctionality, which estimates a geographical location (of e.g. amobile
terminal).

Location (Based) Application: alocation 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 network or MSUE. Navigation
is one location application example.

L ocation Based Service (LBS): aservice provided either by teleoperator or a3 party service provider that utilises the
available location information of the terminal. Location Application offers the User Interface for the service. LBSis
either apull or a push type of service (see Location Dependent Services and Location Independent Services). In
ETSI/GSM documentation of SOLSA, LBSiscalled "Location Related Service". ETSI and/or 3GPP —wide terminology
harmonisation is expected here.

L ocation Dependent Service: a service provided either by teleoperator or a3 party service provider that is available
(pull type) or is activated (push type) when the user arrivesto 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. apublic Xerox machine or the discount list in a store).

Location Estimate: the geographic location of an MS-andlera-valid-Mebile-Equipment-(ME)UE, expressed in latitude
and longitude data, and optionally altitude data. The Location Estimate shall be represented in a well-defined universal

format. Trangdlation from this universal format to another geographic location system may be supported, although the
details are considered outside the scope of the primitive services.

L ocation Independent Service: a service provided either by teleoperator or a 3™ 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}).

L ocation method (/locating method): a principle and/or algorithm which the estimation of geographical location is
based on, e.g. AOA, TOA, TDOA. For example, GPS is based on TOA, and E-OTD (on GSM) is based on TDOA.

L ocation technology (/locating technology): atechnology or system concept including the specifications of RF
interfaces, data types, etc. to process the estimation of a geographical location, e.g. GPS, E-OTD (GSM), and IPDL-
TDOA (WCDMA).

PLMN Accessbarring 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 areawhich isnot related to cell or radio coverage. The mobile may take special action
when it recognisesit 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 UEMS. The permission shall be granted either on activation by the target MS-UE or permanently for a
contractual period of time agreed between the target UEM-S and the service provider.

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

Prohibited area: an area where the mobile must not activate its transmitter. The Prohibited area may be a Predefined
area described above or related to radio cell(s).
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Subscription Profile: the profile detailing the subscription to various types of privacy classes.

Target UEM-S: the UEMS being located.
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8 Cell ID based location method

Inthe Cell ID based method, the S-RNC determines the identification of the cell providing coverage for the target UE.

This subsection outlines the procedures for this location method. Sub-section 8.1 provides procedures for the

determl nation of the ceII ID dependlng onthe operatlonal status of the target UE Sub—seetten«%%drseuss&therelaﬂen
W , ture-Sub-section 8.3 provides

a procedure for the mappl ng of the CeII IDtoa corr%pondmg SerV|ce Area Identlfler (SAl) to bereturned to the LCS

application in the core network. The general flow to determine the cell 1D is shown in figure 8.1.

UE | LMU | | Node-B | | SRNC|
Beguest to locate UE

UE is in a Cell_DCH, Cell_PCH, or Cell_FACH State
RTT Request

RTT Measurement$

UE is in a state when there is no cell ID available (for
exanjple in URA_PCH, idle mjode)

1 ¢ Forcedistate transition (e.g. by paging)

State transition )

Mapping the |
cell_ID to the cell |

coverage or |

Service Area

LCS Resp‘ onsg
] ] | |

Figure 8.1: Cell ID Based Method

8.2 Localised Service Area

8.3 Mapping the Cell ID to Geographic Co-ordinates or a
Service Area

A UTRAN cell ID should be mapped to geographical coordinates or a Service Area ldentifier (SAl) before being sent
from UTRAN to the core network. The Service Area ldentifier may include one or several cells. The mapping may be
accomplished either in the SSRNC, in a Network Management System (NMS, including Network Management Unit,
NEMU) or by co-operation of various access network elements.

The core network may request the geographical co-ordinates or the SAl, or both for the target UE. The SAl may be used
for routing of corresponding Emergency calls, or for CAMEL servicesto correspond to the usage of Cell ID in the core
network of GSM. However, the MSC shall not send the Service Area ldentity to GMLC.
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Although the mapping of the cell(s) associated with the target UE into geographical co-ordinates by the S-RNC is not
standardised, the response to the core network location request with geographical co-ordinates shall be asdefined in TS
23.032.

In order to determine acell coverage estimate and to map it to the geographical coordinates or Service Area parameter
Identity, the SSRNC may use parameters such as the best reference signal, Round Trip Time (RTT) in FDD [17] or Rx
Timing Deviation [18] and knowledge of the UE timing advance in TDD, as well as antenna beam direction parameters.

Alternatively, the service area coverage of acell may be determined by using areference signal power budget. Based on
the reference signal power budget it is possible to obtain, for example, the base station transmitted power, isotropic path
loss, coverage threshold at coverage area border for a given location probability, and a cell radius for an indoor and
outdoor coverage.

The SSRNC may use areference signal link budget based cell radius estimate, in conjunction with the cell identifier, to
make a coverage estimation for the cell(s) related to the target UE.

Additionally, the SSRNC may compare the received power levels with the power budget, whereby more accurate
information of the location of the UE may be provided.

Also, the interaction between neighbouring cell coverage areas may be used to determine a more exact location of the
UE.

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 isanetwork functionality, which provides the mechanisms of Intelligent Network to a mobile user.

Current Location: after alocation attempt has successfully delivered alocation estimate and its associated time stamp,
the location estimate and time stamp is referred to as the "current location’ at that point in time.

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

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

Initial Location: in the context of an originating emergency call the location estimate and the associated time stamp at
the commencement of the call set-up isreferred to as'initial location’.

Last Known Location: the current location estimate and its associated time stamp for Target MS stored in the LCS
Server isreferred to as the 'last known location’ and until replaced by a later location estimate and a new time stamp is
referred to asthe 'last known location'.

LCS (LoCation Services): LCSisaservice 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: LCSdoes not specify any location based (value added) services except locating of emergency calls.

L CS Client: a software and/or hardware entity that interacts with a LCS Server for the purpose of obtaining location
information for one or more Mobile Stations. 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 Mobile Station (MS).
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LCSClient Access barring list: an optional list of MSISDNs per LCS Client where the LCS Client is not alowed to
locate any MSISDN therein.

LCSClient Subscription Profile: acollection 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.

L CS Feature: the capability of a PLMN to support LCS Client/server interactions for locating Target M Ss.

L CS Server: asoftware 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.

L ocal Service: aservice, 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 (/location detecting): location is afunctionality, which estimates a geographical location (of e.g. amobile
terminal).

Location (Based) Application: alocation 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 network or MS. Navigation is
one location application example.

L ocation Based Service (LBS): a service provided either by teleoperator or a 3™ party service provider that utilises the

available location information of the terminal. Location Application offers the User Interface for the service. LBSis

either apull or a push type of service (see Location Dependent Services and Location Independent Services).-+a-
i o LBS A o N oD i .

L ocation Dependent Service: a service provided either by teleoperator or a3 party service provider that is available
(pull type) or is activated (push type) when the user arrivesto a certain area. It doesn't require any subscriptionin
advance, but the push type activation shall be confirmed by the user. The offered service itself can be any kind of
service (e.g. apublic Xerox machine or the discount list in a store).

L ocation Estimate: the geographic location of an MS and/or a valid Mobile Equipment (ME), expressed in latitude and
longitude data, and optionally altitude data. The Location Estimate shall be represented in a well-defined universal
format. Trandation from this universal format to another geographic location system may be supported, although the
details are considered outside the scope of the primitive services.

L ocation Independent Service: a service provided either by teleoperator or a 3™ 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!).

L ocation method (/locating method): a principle and/or algorithm which the estimation of geographical location is
based on, e.g. AOA, TOA, TDOA. For example, GPS is based on TOA, and E-OTD (on GSM) is based on TDOA.

L ocation technology (/locating technology): atechnology or system concept including the specifications of RF
interfaces, data types, etc. to process the estimation of a geographical location, e.g. GPS, E-OTD (GSM), and IPDL-
TDOA (WCDMA).

PLMN Accessbarring 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 areawhich is not related to cell or radio coverage. The mobile may take special action
when it recognisesit 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 M S. The permission shall be granted either on activation by the target MS or permanently for a
contractual period of time agreed between the target MS and the service provider.

Privacy Exception List: alist 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 MS.
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Prohibited area: an area where the mobile 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 M'S: the MS being located.
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6 Signalling protocols and interfaces

NOTE: Thisclause describes the information flows, the detailed messages and protocols are described in other
clauses.

6.1 LCS signalling between SRNC and MSC/SGSN

LCS signalling between SRNC and MSC/SGSN is handled through the lu interface, which is described in clause 6.6.3.

6.2 SRNC signalling to a target UE

SRNC signalling to atarget UE is described in clause 6.6.4.1.

6.3 Controlling RNC signalling to a standalone LMU

Controlling RNC signalling to a standalone LMU is described in clause 6.6.4.2.

6.4 Controlling RNC signalling to an associated LMU

Controlling RNC signalling to an associated LMU is handled through the |ub interface, which is described in clause
6.6.1.

6.5 RNC-to-RNC signalling for LCS support

The RNC-to-RNC signalling for LCS support is handled through the lur interface, which is described in clause 6.6.2.

6.6 Interfaces
There are four interfaces through which the LCS entities communicate. These are the lu, the lur, lub and the Uu.
NOTE: theinterfaces between the Internal or External LCS applications and the 3G-MSC or 3G-SGSN are
outside the scope of the present document.
6.6.1 lu Interface

The lu interface is used to communicate between the L CS functional entities in the Core Network and the LCS entities
in the UTRAN. Further specification of the messages and operations for LCS across the |u interface may be found in
reference [1].

6.6.2 lur Interface

LCS operations at the lur interface are defined in [14].

The lur interface is used to communicate between the LCS functional entities associated with the serving RNC and
other RNC in the UTRAN. The lur interface is also used to communicate between the serving RNC and the Internal
LCS Applicationsin the UTRAN. The LCS entities associated with the serving RNC are responsible for co-ordinating
and responding to location requests received from the LCS entities in the core network or Internal Clients.

When communi cating between the serving RNC and the UTRAN Internal LCS Applications (ILA), the messages and
protocols are the same as those used over the lur interface.
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The lur interface is al so used to communicate between the LCS Entitiesin the serving RNC and those in other RNC.
The location method, for example, may require measurements by several LMU or Node-B, some of which may be
associated with other RNC. Commands and responses from these L CS Entities are communicated over the lur interface.
In some cases, the LCS Entities in the serving RNC may make use of entities associated with other RNC. For example,
acalculating function (PCF) may be used in another RNC if the serving RNC is too busy or does not contain the
function or database information required by the chosen location method.

The lur interface may also pass messages relating to changes or reporting of the data associated with the Location
System Operations Function (LSOF) in the RNC.

lur shall be used for LCS signalling whenever it is available, even in the case when the RNCs connected to different
3G-MSCs or 3G-SGSN.

Within UTRAN, lur supports inter-RNC soft handover. Inter-RNC handover should also include LCS, meaning that
whenever an inter-RNC soft handover occurs, lur should be able to support the functionality of the LCS entitiesin
RNCs, including PCF, PRRM, PSMF, and L SOF.

In addition, in case of SRNC relocation lur should support the relocation mechanism in order for DRNC to be able to
handle the responsibility of SRNC in LCS process. That is, to transfer the PCF, PRRM, PSMF, and L SOF functionality
from SRNC to DRNC. lur shall be used aso to collect RTD and other LCS information from base stations under
different RNCs that are not involved in handover.

6.6.2.1 Signalling between SRNC and DRNC

Signalling between SRNC and DRNC is used to obtain L CS information specific to a UE that has an activelinkUE
context to the DRNC.

The signalling between SRNC and DRNC is done by using Dedicated Measurement- RNSAP procedures specified in
[14]

6.6.2.2 Signalling between SRNC and CRNC

Signalling between SRNC and CRNC is used to obtain LCS information and request L CS related transmissions or other

radio operation (e.g. IPDLS) that is needed by SRNC for a certain location method. The requested information may be
e.g. GPS assistance datain case areference GPS receiver is not available at the SRNC or RTD measurement results that

may be provided by LMUs associated to the CRNC.

The procedures used for the signalling between SRNC and CRNC are not specified yet.

6.6.3 lub Interface
LCS operations at the lub interface are defined in [15].

The lub interface is used to communicate among the L CS entities associated with the serving RNC, the Node-B and the
associated Location Measurement Units (LMU).

Thisinterface passes the request for measurements, the measurement results and requests for LCS related transmissions
or other radio operations needed by the location method (e.g. broadcast of parameters needed for a UE based location
method). M easurement reguests and results may-beare signalled by using the Bedicated-and-Commeon-
MeasurementNBAP procedures.

The lub interface may also pass messages relating to changes or reporting of the data associated with the Location
System Operations Function (L SOF) in the Node-B or the LMU.

6.6.3.1 Signalling between RNC and associated LMU

Signalling exchanges between an RNC and a LMU under the control of that RNC will be specified in the NBAP
protocol for associated LMUSs.

The protocol layers employed to enable signalling between the RNC and an associated LMU are defined in 25.430. The
LMU signalling information elements are included directly in the NBAP protocol, defined in 25.433.
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6.6.4 Uu Interface

L CS operations at the Uu interface are generally defined in [1]. This specification defines in more detail the procedures
needed for messaging for each individual location method.

The Uu interface is used to communicate among the L CS entities associated with the RNC, the UEs and the stand-alone
Location Measurement Units (LMU) (the Uu interface is aso used to communicate between the LCS entities in the core
network and the UE. Those communications are beyond the scope of this specification).

Thisinterface may pass measurement requests and results to and from the UE or the stand-alone LM U.
The Uu interface may a so pass location requests from internal or external LCS Applications at the UE.

NOTE: These requests may require the services of the LCS entities associated with the core network to
authenticate clients and subscriber subscriptions to aspects of the LCS.

The Uu interface may also be used for broadcast of information that may be used by the UE or stand-alone LMU for
their LCS operations. This may, for example, include timing and code information about nearby Node-B transmissions
that may assist the UE or LMU in making their measurements.

The Uu interface may also pass messages relating to changes or reporting of the data associated with the Location
System Operations Function (LSOF) in the UE or the remote LMU.

6.6.4.1 Signalling between S-RNC and Target UE
LCS related signalling between an S-RNC and atarget UE is supported by the RRC protocol.

The location Request to UE signalling flow is generic for al UE based or assisted |ocation methods (OTDOA and
Network Assisted GPS).

SRNC UE

1. RRC Measurement Control

4. RRC Measurement Report

Figure 6.1: OTDOA /GPS Location Message Flow

1. The S-RNC determines possible assistance data and sendsa MEASUREMENT CONTROL request to the UE.

2. Provided that location reguest meets the privacy criteria, the UE performs the requested measurements. If the UE
isableto calculate its own location, and thisis requested, the UE computes a location estimate based on
measurements. Any assistance data necessary to perform these operations will either be provided in the
MEASUREMENT CONTROL request or be available from broadcast sources. The resulting measurements or
location estimate are returned to UTRAN inaMEASUREMENT REPORT response. If the UE cannot fulfil the
request, aMEASUREMENT CONTROL FAILURE message is returned.
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6.6.4.1.1 Assistance Data Delivery to UE

The assistance data signalling flow illustrated here is generic for UE based |ocation methods, including OTDOA and
Network Assisted GPS. Note that if the assistance datais sent as part of a broadcast message, then no assistance data
acknowledgement is required.

SRNC UE

1. RRC Measurement Control

Figure 6.2: OTDOA or GPS Assistance Data Delivery Flow

1. The S'RNC determines assistance data and sends it in the RRC MEASUREMENT CONTROL message to the
UE.
6.6.4.1.2 Error Handling

The error handling for signalling on the Uu interface is handled by the RRC protocol.

6.6.4.1.3 Broadcast of Assistance Data

In the UE Based OTDOA or Network Assisted GPS methods, where the measurements and/or location calculation is
donein the UE, assistance data may be broadcast to the UE.

The assistance data to be broadcast for UE Based OTDOA contains the Relative Time Difference (RTD) values (e.g. in
case of anon-synchronised network) and base station co-ordinates. In addition, the broadcast data may contain other
information to simplify the OTDOA measurements. The length of the message depends on how many neighbours are
included in the assistance data. Part of the broadcast message (e.g. the serving and neighbour base station geographic
co-ordinates) may be ciphered.

The assistance data to be broadcast for assisted GPS contains DGPS corrections, ephemeris and clock corrections, as
well as almanac and other data. Part of the broadcast message may be ciphered.

The broadcast channel that is used for the OTDOA and GPS assistance data makes use of the common UTRAN
broadcast service.

6.6.4.1.4 Signalling Flow for Assistance Data Broadcast Using the Common UTRAN
Broadcast Service

The assistance data broadcast to UEs can be signalled via the RRC Measurement Control message as shown in
subclause 6.6.4.2 or it can be broadcast by the UTRAN within the system information.

SRNC UE

SYSTEM INFORMATION

A 4

Figure 6.3: Broadcast of system information
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6.6.4.1.5 LCS Assistance Data Ciphering

To allow control of accessto the assistance data, parts of the broadcast assistance data may be ciphered. Ciphering is
done with a specific ciphering key delivered by the core network for this purpose. The management of the key is
described in the System Aspects Stage 2 ([1]).

6.6.4.1.6 LCS Assistance Data Ciphering Algorithm

The agorithm used for ciphering the LCS assistance data is the standard 56-bit Data Encryption Standard (DES)
agorithm.

The deciphering of broadcast assistance messagesis done in the UEs. The deciphering will utilize the deciphering keys
delivered during the location update request.

The RNC ciphersthe parts of the LCS Broadcast Data message to be protected using the 56-bit DES algorithm and a
ciphering keys (56 bits) and Ciphering Serial Number (16 bits) for the broadcast |ocation area.

The ciphered part is variable in length with one bit resolution. By using the L CS Broadcast Data message header, the
UEs can determine what part of message is ciphered.

Inputs to the 56-bit DES agorithm are the following:
- 56-bit key K (deciphering key);
- 16-bit Ciphering Serial Number from broadcast message which is denoted here by 1V (Initiaization Vector);
- plain-text bits (the ciphered part of broadcast message).

The ciphering processisillustrated in the following diagram. Ciphering is done by producing a mask bit stream which
isthen "XORed" bit-by-bit to the plain-text data to obtain the cipher-text data. First, the Initiaization Vector (1V) is
concatenated with 0-bitsin order to achieve a 64-bit block I;. This block is then encrypted by the DES a gorithm using
the key K. Output is a 64-hit block I,. This constitutes the first 64 bits of the mask bit stream. If the message is longer
than 64 bits, then more bits are needed. These are produced by encrypting I, again by the DES agorithm using the key
K. The output is a 64-hit block 1. Thisisthe next 64 bits of the mask bit stream. Thisiteration is continued until enough
bits are produced. The unnecessary bits from the last 64-bit block I; are discarded. The figure below illustrates the first
two mask bit generations and the two ciphered 64-bit blocks.
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Figure 6.4: Data Assistance Ciphering Algorithm

Deciphering is done similarly. The same mask bit stream is produced and these are XORed, bit-by-bit, to the cipher-text
data bits. The result will be the plain-text data.

6.6.4.2 Signalling between RNC and stand-alone LMU

The use of stand-alone LMUs is FFS. If it is decided to have stand-alone LMUs in the standard, the signalling will be
performed with the new protocol LLP. If no need is seen for the stand-alone LM Us the LLP protocol will not be defined
and it will be removed from 25.305.

The following figuresillustrate the protocol layers used to support signalling between an RNC and a Stand-Alone LMU
over the Uu interface.
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6.6.4.2.1 Signalling using a signalling bearer
LLP < > LLP
[ |
RRC (Direct [ — RRC (Direct
Transfer) Transfer)
RLC |« »| RLC
MAC | 4 p| MAC
L1
<+—> < p L1
tand-doneLmy - NoweB SRNC

Figure 6.5: Signalling between an RNC and a Stand-Alone LMU using a signalling bearer

6.6.4.2.2 Signalling using a radio bearer
LLp | * —»> LLP
RLC |« » RLC
MAC | 4 »| MAC
L1
<+—Pp < » L1
SanddoneLmy - NodeB SRNC

Figure 6.6: Signalling between an RNC and a Stand-Alone LMU using a radio bearer
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6 Signalling protocols and interfaces

NOTE: Thisclause describes the information flows, the detailed messages and protocols are described in other
clauses.

6.1 LCS signalling between SRNC and MSC/SGSN

LCS signalling between SRNC and MSC/SGSN is handled through the lu interface, which is described in clause 6.6.3.

6.2 SRNC signalling to a target UE

SRNC signalling to atarget UE is described in clause 6.6.4.1.

6.3 Controlling RNC signalling to a standalone LMU

Controlling RNC signalling to a standalone LMU is described in clause 6.6.4.2.

6.4 Controlling RNC signalling to an associated LMU

Controlling RNC signalling to an associated LMU is handled through the |ub interface, which is described in clause
6.6.1.

6.5 RNC-to-RNC signalling for LCS support

The RNC-to-RNC signalling for LCS support is handled through the lur interface, which is described in clause 6.6.2.

6.6 Interfaces
There are four interfaces through which the LCS entities communicate. These are the lu, the lur, lub and the Uu.
NOTE: theinterfaces between the Internal or External LCS applications and the 3G-MSC or 3G-SGSN are
outside the scope of the present document.
6.6.1 lu Interface

The lu interface is used to communicate between the L CS functional entities in the Core Network and the LCS entities
in the UTRAN. Further specification of the messages and operations for LCS across the |u interface may be found in
reference [1].

6.6.2 lur Interface

LCS operations at the lur interface are defined in [14].

The lur interface is used to communicate between the LCS functional entities associated with the serving RNC and
other RNC in the UTRAN. The lur interface is also used to communicate between the serving RNC and the Internal
LCS Applicationsin the UTRAN. The LCS entities associated with the serving RNC are responsible for co-ordinating
and responding to location requests received from the LCS entities in the core network or Internal Clients.

When communi cating between the serving RNC and the UTRAN Internal LCS Applications (ILA), the messages and
protocols are the same as those used over the lur interface.
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The lur interface is al so used to communicate between the LCS Entitiesin the serving RNC and those in other RNC.
The location method, for example, may require measurements by several LMU or Node-B, some of which may be
associated with other RNC. Commands and responses from these L CS Entities are communicated over the lur interface.
In some cases, the LCS Entities in the serving RNC may make use of entities associated with other RNC. For example,
acalculating function (PCF) may be used in another RNC if the serving RNC is too busy or does not contain the
function or database information required by the chosen location method.

The lur interface may also pass messages relating to changes or reporting of the data associated with the Location
System Operations Function (LSOF) in the RNC.

lur shall be used for LCS signalling whenever it is available, even in the case when the RNCs connected to different
3G-MSCs or 3G-SGSN.

Within UTRAN, lur supports inter-RNC soft handover. Inter-RNC handover should also include LCS, meaning that
whenever an inter-RNC soft handover occurs, [ur should be able to support the functionality of the LCS entitiesin
RNCs, including PCF, PRRM, PSMF, and L SOF.

different RNCsthat are not involved in handover.

6.6.3 lub Interface
LCS operations at the lub interface are defined in [15].

The lub interface is used to communicate among the LCS entities associated with the serving RNC, the Node-B and the
associated Location Measurement Units (LMU).

Thisinterface passes the request for measurements, the measurement results and requests for LCS related transmissions
or other radio operations needed by the location method (e.g. broadcast of parameters needed for a UE based location
method).

The lub interface may also pass messages relating to changes or reporting of the data associated with the Location
System Operations Function (L SOF) in the Node-B or the LMU.
6.6.3.1 Signalling between RNC and associated LMU

Signalling exchanges between an RNC and a LMU under the control of that RNC will be specified in the NBAP
protocol for associated LMUs.

The protocol layers employed to enable signalling between the RNC and an associated LMU are defined in 25.430. The
LMU signalling information elements are included directly in the NBAP protocol, defined in 25.433.

6.6.4 Uu Interface

LCS operations at the Uu interface are generally defined in [1]. This specification defines in more detail the procedures
needed for messaging for each individual location method.

The Uu interface is used to communicate among the LCS entities associated with the RNC, the UEs and the stand-alone
Location Measurement Units (LMU) (the Uu interface is also used to communicate between the LCS entities in the core
network and the UE. Those communications are beyond the scope of this specification).

Thisinterface may pass measurement requests and results to and from the UE or the stand-alone LM U.
The Uu interface may also pass location requests from internal or external LCS Applications at the UE.

NOTE: These requests may require the services of the LCS entities associated with the core network to
authenticate clients and subscriber subscriptions to aspects of the LCS.

The Uu interface may also be used for broadcast of information that may be used by the UE or stand-alone LMU for
their LCS operations. This may, for example, include timing and code information about nearby Node-B transmissions
that may assist the UE or LM U in making their measurements.
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The Uu interface may also pass messages relating to changes or reporting of the data associated with the Location
System Operations Function (LSOF) in the UE or the remote LMU.

6.6.4.1 Signalling between S-RNC and Target UE
LCSrelated signalling between an S-RNC and atarget UE is supported by the RRC protocol.

The location Request to UE signalling flow is generic for all UE based or assisted |ocation methods (OTDOA and
Network Assisted GPS).

SRNC UE

1. RRC Measurement Control

4. RRC Measurement Report

<

Figure 6.1: OTDOA /GPS Location Message Flow

1. The S-RNC determines possible assistance data and sends a MEASUREMENT CONTROL request to the UE.

2. Provided that location reguest meets the privacy criteria, the UE performs the requested measurements. If the UE
isableto calculate its own location, and thisis requested, the UE computes a location estimate based on
measurements. Any assistance data necessary to perform these operations will either be provided in the
MEASUREMENT CONTROL request or be available from broadcast sources. The resulting measurements or
location estimate are returned to UTRAN inaMEASUREMENT REPORT response. If the UE cannot fulfil the
request, aMEASUREMENT CONTROL FAILURE message is returned.

6.6.4.1.1 Assistance Data Delivery to UE

The assistance data signalling flow illustrated here is generic for UE based |ocation methods, including OTDOA and
Network Assisted GPS. Note that if the assistance datais sent as part of a broadcast message, then no assistance data
acknowledgement is required.

SRNC UE

1. RRC Measurement Control

Figure 6.2: OTDOA or GPS Assistance Data Delivery Flow

1. The S-RNC determines assistance data and sends it in the RRC MEASUREMENT CONTROL message to the
UE.

6.6.4.1.2 Error Handling

The error handling for signalling on the Uu interface is handled by the RRC protocal.
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6.6.4.1.3 Broadcast of Assistance Data

In the UE Based OTDOA or Network Assisted GPS methods, where the measurements and/or location calculation is
donein the UE, assistance data may be broadcast to the UE.

The assistance data to be broadcast for UE Based OTDOA contains the Relative Time Difference (RTD) values (e.g. in
case of anon-synchronised network) and base station co-ordinates. In addition, the broadcast data may contain other
information to simplify the OTDOA measurements. The length of the message depends on how many neighbours are
included in the assistance data. Part of the broadcast message (e.g. the serving and neighbour base station geographic
co-ordinates) may be ciphered.

The assistance data to be broadcast for assisted GPS contains DGPS corrections, ephemeris and clock corrections, as
well as almanac and other data. Part of the broadcast message may be ciphered.

The broadcast channel that is used for the OTDOA and GPS assistance data makes use of the common UTRAN
broadcast service.

6.6.4.1.4 Signalling Flow for Assistance Data Broadcast Using the Common UTRAN
Broadcast Service

The assistance data broadcast to UEs can be signalled via the RRC Measurement Control message as shown in
subclause 6.6.4.2 or it can be broadcast by the UTRAN within the system information.

S-RNC UE

SYSTEM INFORMATION

\ 4

Figure 6.3: Broadcast of system information

6.6.4.1.5 LCS Assistance Data Ciphering

To allow control of accessto the assistance data, parts of the broadcast assistance data may be ciphered. Ciphering is
done with a specific ciphering key delivered by the core network for this purpose. The management of the key is
described in the System Aspects Stage 2 ([1]).

6.6.4.1.6 LCS Assistance Data Ciphering Algorithm

The agorithm used for ciphering the LCS assistance data is the standard 56-bit Data Encryption Standard (DES)
algorithm.

The deciphering of broadcast assistance messages is done in the UES. The deciphering will utilize the deciphering keys
delivered during the location update request.

The RNC ciphers the parts of the LCS Broadcast Data message to be protected using the 56-bit DES algorithm and a
ciphering keys (56 bits) and Ciphering Serial Number (16 bits) for the broadcast |ocation area.

The ciphered part is variable in length with one bit resolution. By using the LCS Broadcast Data message header, the
UEs can determine what part of message is ciphered.

Inputs to the 56-bit DES a gorithm are the following:
- 56-bit key K (deciphering key);
- 16-bit Ciphering Serial Number from broadcast message which is denoted here by IV (Initialization Vector);

- plain-text bits (the ciphered part of broadcast message).
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The ciphering processisillustrated in the following diagram. Ciphering is done by producing a mask bit stream which
isthen "XORed" bit-by-hit to the plain-text data to obtain the cipher-text data. First, the Initiaization Vector (1V) is
concatenated with 0-bits in order to achieve a 64-bit block I,. This block is then encrypted by the DES agorithm using
the key K. Output is a 64-hit block I,. This constitutes the first 64 bits of the mask bit stream. If the message is longer
than 64 bits, then more bits are needed. These are produced by encrypting I, again by the DES agorithm using the key
K. The output is a 64-hit block 1. Thisisthe next 64 bits of the mask bit stream. Thisiteration is continued until enough
bits are produced. The unnecessary bits from the last 64-bit block I; are discarded. The figure below illustrates the first
two mask bit generations and the two ciphered 64-bit blocks.

| 1 |Ciphering Serial Number(16 bits) Fill Bits (48 bits)

T + K Ciphering Key (56 bits) } D ES

r T ‘I I, 1st Mask Bit Stream (64 bits) I:

| 1st 64-bit block of the broadcast message to be ciphered

1st 64-bit ciphered block to the broadcast message [« o
e N
I/ \\
I P T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T S s T s s s s s >'l “
! i
e >‘\ DES ,’
N £
N 4
\s__l__,’
r-r—-r—""~"~"~"~" "~~~ T TS TS TSI TSI TSI TSI TSI TSI TSI T TSI T T ST TS T TS ! 1
1 . . e — o o o o o e ]
' Ig 2nd Mask Bit Stream (64 bits) :4 _______
——————————————————————————— e e e e e ey ,/’ T~a
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e »._ XOR _J
. . ———e

Figure 6.4: Data Assistance Ciphering Algorithm

Deciphering is done similarly. The same mask bit stream is produced and these are XORed, bit-by-bit, to the cipher-text
data bits. The result will be the plain-text data.

6.6.4.2 Signalling between RNC and stand-alone LMU

The use of stand-alone LMUs is FFS. If it is decided to have stand-alone LMUs in the standard, the signalling will be
performed with the new protocol LLP. If no need is seen for the stand-alone LM Us the LLP protocol will not be defined
and it will be removed from 25.305.

The following figuresillustrate the protocol layers used to support signalling between an RNC and a Stand-Alone LMU
over the Uu interface.
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6.6.4.2.1 Signalling using a signalling bearer
LLP & > LLP
I |
RRC (Direct [* — RRC (Direct
Transfer) Transfer)
RLC |« »| RLC
MAC | 4 p| MAC
L1
<+—> < » L1
Node-B SRNC

tand-alone LMU
Uu

Figure 6.5: Signalling between an RNC and a Stand-Alone LMU using a signalling bearer

6.6.4.2.2 Signalling using a radio bearer
LLP L —» LLP
RLC |« » RLC
MAC | 4 p| MAC
L1
<+—Pp < » L1
Node-B SRNC

Stand-alone LMU Uu

Figure 6.6: Signalling between an RNC and a Stand-Alone LMU using a radio bearer

7 General UMTS location procedures

7.1 General network location procedures

The General network location procedure in UTRAN start with arequest over [u from the CN. UTRAN then determines
the UE location by selecting a suitable location method. UTRAN then responds to the request with the estimated
location and possible an associated accuracy.
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7.2 Common procedures to support access to a LMU

NOTE: 7.2 and 7.3 will be considered if stand-alone LMUSs are included.

7.3 Common control procedures for LMUs
7.3.1 Reset procedure
7.3.2 Status query procedure

7.3.3 Status update procedure

7.4 Common procedures supporting LCS interaction between
RNCs

In the case that LCS information is needed from an associated LMU in aNode B that is not controlled by the SRNC
information transfer is needed on the lur interface. Thisinformation is the same information that is signalled between an
associated LMU and the corresponding controlling RNC in the case when lur support is not needed.

The SRNC requests the information it requires (e.g. GPS timing of cell measurements) from the controlling RNC of the
Node B which has the associated LMU. The controlling RNC in turn requests the information from the Node B and
upon success returns the results to the SRNC.

Similarly when the SRNC needs a Node B measurement on a UE when that Node B is not controlled by that SRNC
there needs to be support on the lur. One example isthe RTT measurement.

Other information that may need to be signalled over the lur includes LMU parameters (geographical position, covered
cellsetc.). NOTE: Confirmation or FSis needed by R3 experts.

7.4.1 Signalling in case of SRNS relocation

In case of SRNC relocation the PCF, L SCF and L SOF functionality may be transferred in order for DRNC to be able to
handle the responsibility of SRNC in LCS process. Therefore the Source RNC may transfer the following information
tothe Target RNC :

- last known position, time stamp and accuracy of the position calculation
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- LCS capabilities of the UE

NOTE: Ifitispossibleto transfer the location service requests that are stored in the Source RNC during SRNS
relocation is ffs.

If thereis alocation procedure going on in order to estimate the position of the UE and a SRNS rel ocation occurs, the
location procedure shall be stopped in the old SRNC. After SRNS relocation, the new SRNC then decides if a new
location procedure should be started. In the UE, the location procedure is going on and L CS information (e.q.
measurement results) may be sent back to UTRAN if the UE was requested to do so. The new SRNC then decides
whether it wants to use these information or discard them.

7.5 Exception procedures

7.5.1 Procedures in the SRNC

When alocation attempt fails due to failure of a position method itself (e.g. due to inaccurate or insufficient position
measurements and related data) and the SRNC is unable to instigate another positioning attempt (e.g. dueto a
requirement on response time), the SRNC may return a Location response over the lu interface containing a less
accurate location estimate. If aless accurate estimate is not available or will not meet the accuracy requirement, the
SRNC may instead return a Location response message containing no location estimate and indicating the cause of
failure.

NOTE: Need to check that lu has enough flexibility

When a location attempt is interrupted by some other unrecoverable error event inside the SRNC, the SRNC shall
immediately terminate the location attempt and return a Location Response message containing the reason for the
location attempt cancellation. In that case, any dialogue previously opened with an LMU for the purpose of instigating
position measurements for the UE being located may also be aborted by the SMLC.

7.5.2 Procedures in a LMU

An LMU shall return an error indication to its controlling RNC when |ocation measurements previously ordered by the
RNC cannot be provided due to any error condition.
7.5.3 Procedures in the target UE

A target UE shall terminate any positioning procedure or the transfer of RRC positioning assistance data without
sending any response to the SRNC if any LCS RRC message is received from the SRNC that starts some other RRC
management procedure. The new RRC procedure shall then be executed by the UE.

7.6 Radio interface timing procedures

The Radio Interface Timing determination system consists of functionsin LMUs and in the SRNC. The system runs
continuously offering cell timing information for mobile station location.

7.6.1 LMU Functions

The Radio Interface Timing functionality in the LMU should be capable of performing the following functions:
- TheLMU performs necessary air interface measurements from signals transmitted by Node Bs
- If the LMU contains a common reference clock, e.g. GPS TOW, it time stamps reception of Node B signals.

- If thereis no reference clock available, the LMU may make Relative Time Difference measurements, i.e.
measures the time difference between arrival of SFNs

- The LMU may perform some processing of measurements, like averaging and filtering, using parameters
delivered to it, or in their absence using default settings
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7.6.2 SRNC Functions

The SRNC must be capable of performing the following functions related to Radio Interface Timing determination:
- The SRNC sendsto LMUs requests for Radio Interface Timing measurement information.

- The SRNC will communicate regularly with LMUs; thus, the SRNC can monitor operation of LMUs. If aLMU
failsto send Radio Interface Timing information, the SRNC shall try to restart the LM U, and if this restarting
fails, the SRNC shall inform O&M system. SRNC can use a so diagnostics messages to query the status of
LMUs.

- The SRNC receives Radio Interface Timing measurement results from LMUSs.

- The SRNC stores or queries extrainformation required for Node B synchronization determination, like base
station and LMU coordinates, Node B identity information.

- The SRNC determines synchronization differences between different downlink signals using LMU
measurements and other information.

- Synchronization information is delivered for UE location purposes.

7.6.3 LMU-SRNC Interactions

The request for Radio Interface Timing measurement information from the SRNC to a LMU contains the following
parameters:

- Measurement type. This indicates whether the SRNC wants the LMU to perform Absolute Time Difference
(ATD) (e.g. GPStime stamp of signal) or Relative Time Difference (RTD) measurements.

- Measurement result reporting frequency. This indicates how often the LMU should send Radio Interface Timing
measurement results.

- Measurement duration. This indicates how long the LMU should make measurements and report results.
- Instructions about filtering of raw measurement data.

- Instructions about Primary CPICH signals to be measured. The LMU unit can measure autonomously a certain
number of most strongly received signals. Another possibility is that the SRNC tells which Node B signalsit
should measure.

- Inthe RTD case, which common Primary CPICH the LMU should use as a reference in the measurements.
- Instruction of how the measurement quality should be reported.
The Radio Interface Timing measurement response from a LMU to the SRNC contains:
- ldentity of the Node B at which the asssociated LMU isresiding
- Primary CPICH info of the measured signals.

- If the LMU can perform ATD measurements, and it is requested to do them, the ATD measurements of the
requested CPICH signalsisreturned.

- If the LMU can perform RTD measurements, and it is requested to do them, the RTD measurements of the
requested CPICH signalsis returned.

- The SFN of the last frame measured, for each measurement.

- Thequality of each measurement, according to the requested quality type

Note: Thereare no changesin the following sections. They are only included to show the
changes between the originial and therevised version!
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8 Cell ID based location method

In the Cell ID based method, the SSRNC determines the identification of the cell providing coverage for the target UE.
This subsection outlines the procedures for this location method. Sub-section 8.1 provides procedures for the
determination of the cell ID depending on the operational status of the target UE. Sub-section 8.2 discusses the relation
between the LCS location service and the Support of Localised Service Area (SoLSA) feature. Sub-section 8.3 provides
aprocedure for the mapping of the Cell ID to a corresponding Service Area ldentifier (SAl) to be returned to the LCS
application in the core network. The general flow to determine the cell 1D is shown in figure 8.1.

UE | LMU | | Node-B | | SRNC|
Beguest to locate UE

| UE is in a Cell_DCH, Cell_PCH, or Cell FACH State !
RTT Request

RTT Measurement

UE is in a state when there is no cell ID available (for
exanjple in URA_PCH, idle mode)

‘ Forcedlstate transition (e.g. by paging)

State transition

—»
Mapping the |

cell_ID to the cell |
coverage or |
Service Area

LCS Resp‘ onsg
] ] | |

Figure 8.1: Cell ID Based Method

8.1 Cell ID determination

In order for the S'RNC to determine the cell ID when an LCS request is received, additional operations may be needed
depending on the operational status of the UE.

Figure 8.1 illustrates the procedure for the cell 1D based location method when the UE isin different RRC states. When
the LCS request is received from the core network the S-RNC checks the state of the target UE. If the UE isin a state
wherethe cell ID isavailable, the target cell ID is chosen as the basis for the UE location. In states wherethe cell ID is
not available, the UE is paged, so that S-RNC can establish the cell with which the target UE is associated. In order to
improve the accuracy of the LCS response the S-RNC may also request RTT or RX Timing Deviation measurements
from the Node B or LMU associated with the cell ID. The SSRNC may also map the cell ID to a corresponding Service
Arealdentifier (SAl) to match the service coverage information available in the core network.

The cell ID based method shall determine the location of the UE regardless of the RRC state, including URA_PCH,
Cell_PCH, Cell_DCH, Cell_FACH, cell reselection, inter-system modes, as well as an idle mode.

8.1.1 UE Cell ID is not known

For UE for which the cell ID isnot known at the time the LCS request is received at the S-RNC, the UE may be paged
to locateits current cell ID. If the UE isin an idle mode and there is a need for it to be paged, then the paging may be
initiated either by the core network or by the SSRNC in the UTRAN access network. For example, the UE can be forced
to perform atransition to a Cell_FACH state to define the cell 1D of its current cell.

If the UE isin anidle mode, Cell_PCH state or in any other state when there is a need to page for the UE to obtain the
cell 1D, the Core Network may initiate paging, authentication and ciphering, as specified in TS 23.171.
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Alternatively, the cell ID may be determined as the one that was used during the last active connection to the UE. This
determination should be accompanied by the time-of-day of the last connection in the cell.

8.1.2 UE Cell ID is known

8.1.21 UE not in Soft handover

The cell ID may be determined as the cell that is providing an active connection for the UE at the time of receiving the
LCSrequest at the S-RNC.

8.1.2.2 UE in Soft handover

In order for the SSRNC to provide the geographical co-ordinates of atarget UE in soft handover, the SSRNC combines
the information about all cells associated with the UE.

In soft handover, the UE may have several signal branches connected to different cells, reporting different cell IDs. A
reference cell 1D may be determined by the SS-RNC based on the coverage area of each cell. The reference cell ID may
be selected based on one or more of the following principles:

- thecell ID may be selected based on the parameters defining the quality of the received signal branches. That is,
the cell 1D with the best quality signal branch is selected as the reference cell ID;

- thecell ID may be selected that was used during connection set-up between the UE and the serving Node B;
- thecell ID of the cell most recently associated with the UE may be selected;;

- thecell ID of thelatest "new" cell that the UE has started to receive, but has not yet been handed over to may be
selected;

- thecell ID may be selected as the cell to which UE has the shortest distance (to the Node-B site);

- thecell ID may be selected as the cell that provides an active connection for the UE at the time of receiving
theL CS request at the S-RNC.

The selection may also be based on measurements of Round Trip Time, power levels and received signal strengthsin
UE and related Node B or LMU.

Other relevant mechanisms such as Idle Period Downlink, (IPDL) or Site Selection Diversity Transmit power control
(SSDT) should aso be taken into account when applying the cell 1D selection procedure for UE in a soft handover
mode.

8.2 Localised Service Area

The Support of Localised Service Area (SoLSA) feature is quite close to the location service in principle, but SOLSA is
based, for example, on radio network cell coverage and cell configuration. SOLSA has been standardised in GSM and is
being developed for UTRAN. Some SoL SA service features like Exclusive Access and LSA only Access may be less
applicablein UTRAN due to the 1 frequency reuse.

It should be noted that the Service Area concept described in this specification is different from the Localised Service
Area concept defined for SOLSA.

8.3 Mapping the Cell ID to Geographic Co-ordinates or a

Service Area
A UTRAN cell ID should be mapped to geographical coordinates or a Service Area ldentifier (SAl) before being sent
from UTRAN to the core network. The Service Area ldentifier may include one or several cells. The mapping may be

accomplished either in the S-RNC, in a Network Management System (NMS, including Network Management Unit,
NEMU) or by co-operation of various access network elements.
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The core network may request the geographical co-ordinates or the SAl, or both for the target UE. The SAl may be used
for routing of corresponding Emergency calls, or for CAMEL servicesto correspond to the usage of Cell ID in the core
network of GSM. However, the MSC shall not send the Service Area Identity to GMLC.

Although the mapping of the cell(s) associated with the target UE into geographical co-ordinates by the S-RNC is not
standardised, the response to the core network location request with geographical co-ordinates shall be asdefined in TS
23.032.

It should be noted that the Service Area concept is different from the Localised Service Area concept used for SOLSA
services.

In order to determine acell coverage estimate and to map it to the geographical coordinates or Service Area parameter
Identity, the SSRNC may use parameters such as the best reference signal, Round Trip Time (RTT) in FDD [17] or Rx
Timing Deviation [18] and knowledge of the UE timing advance in TDD, as well as antenna beam direction parameters.

Alternatively, the service area coverage of acell may be determined by using areference signal power budget. Based on
the reference signal power budget it is possible to obtain, for example, the base station transmitted power, isotropic path
loss, coverage threshold at coverage area border for a given location probability, and a cell radius for an indoor and
outdoor coverage.

The SSRNC may use areference signal link budget based cell radius estimate, in conjunction with the cell identifier, to
make a coverage estimation for the cell(s) related to the target UE.

Additionally, the SSRNC may compare the received power levels with the power budget, whereby more accurate
information of the location of the UE may be provided.

Also, the interaction between neighbouring cell coverage areas may be used to determine a more exact location of the
UE.

9 OTDOA location method

The primary standard OTDOA measurement is the " SFN-SFN observed time difference" observed at the UE (see [17
and [18]. These measurements, together with other information concerning the surveyed geographic location of the
transmitters and the relative time difference (RTD) of the actual transmissions of the downlink signals may be used to
calculate an estimate of the location of the UE. Each OTDOA measurement for a pair of downlink transmissions
describes aline of constant difference (a hyperbola (see note 1)) along which the UE may be located. The UE’s location
is determined by the intersection of these lines for at least two pairs of base stations. The accuracy of the location
estimates made with this technique depends on the precision of the timing measurements, the relative location of the
base stations involved (see note 2), and is also subject to the effects of multipath radio propagation. Thisisillustrated in
the figure 9.1.

NOTE 1: Thisisrealy afigurein three dimensions, a hyperboloid. For convenience here, this will be simplified to
the hyperbola representing the intersection of this surface with the surface of the earth. For location
service in three dimensions the hyperbol oid must be considered.

NOTE 2: The geometry of the base station locations may affect the accuracy of the location estimate. The best
results are when the base stations equally surround the UE. If they do not, there is areduction in accuracy,
which is sometimes termed the Geometric Dilution of Position (GDP).

The primary OTDOA measurements (made by the UE) are sent to the Position Calculation Function (PCF) in the
serving RNC. These measures are sent via signalling over the Uu,_lub (and lur) interfaces between the UE and the
SRNC (PCF). The calculation function makes use of the measurements, the known locations of the transmitter sites and
the relative time difference of the transmissions to estimate the UE's location.
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Figure 9.1: OTDOA Location Method

The OTDOA method may be operated in two modes: UE assisted OTDOA and UE based OTDOA. The two modes
differ in where the actual location calculation is carried out. In the UE assisted mode, the UE measures the differencein
time of arrival of several cells and signal's the measurement results to the network, where a network element (the
Position Calculation Function (PCF)) carries out the location calculation. In the UE based mode, the UE makes the
measurements and also carries out the location cal culation, and thus requires additional information (such as the
location of the measured base stations) that is required for the location calculation. The signalling requirements for the
two OTDOA modes are described in alater subclause. Asthe LCS involves measurements, there is always uncertainty
in the results. Physical conditions, errors and resolution limitsin the apparatus all contribute to uncertainty. To
minimise the uncertainty in the LCS result, it isimportant that as many measurements of TDOA (and assistance data as
RTT in FDD and Rx Timing Deviation in TDD) as are possible for a UE are provided to the PCF. Thusit isimportant
that the standard method for L CS not be restricted to rely on a single measure. The UE thus provides SFN-SFN
observed time difference measurements for as many cells asit can receive. The cellsto be measured shall include those
in the "cell reselection and monitoring set" and those in the "cell selection set".

In order to support the OTDOA method, the locations of the UTRAN transmitters needs to be accurately known by the
calculation function (PCF). Thisinformation may be measured by appropriate conventional surveying techniques (see
note 3). The surveyed location should be the electrical centre of the transmitting antenna (and not the location of the
radio equipment building). The use of antenna diversity, beamforming or beam steering techniques may cause the
effective antennalocation to change with time and this information will need to be communicated to the PCF to assist
with its calculations. The methods of measuring the location of the UTRAN transmitters are outside the scope of the
present document.

NOTE 3: These surveying methods may, for example, make use of a GPS receiver.

In order to support the OTDOA method, the relative time difference (RTD) of the downlink transmissions must also be
known by the calculation function (PCF). If the UTRAN transmitters are unsynchronised, the RTD will change over
time asthe individual clocks drift. Thus, measurements of RTD may need to be made regularly and the calculation
function updated appropriately. The measurement of the RTD is outside the scope of the present document (see note 4).

NOTE 4: One convenient method isto make use of an LMU at a fixed location. This unit measures the observed
time differences of al the local transmitters and reports these to the PCF. These measures may then be
converted (trandated) into the actual (absolute) relative time difference for each of the transmitters by
making use of the known location of the LM U and the transmitters.

In some conditions a sufficient number of cells may not be available for measure at the UE. This may occur, for
example, if the UE islocated quite close to the UTRAN transmitter and its receiver is blocked by the strong local
transmissions. Thisis referred to asthe "hearability" problem.
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9.1 Use of Idle Periods (FDD only)

For realising location based services the support of physical layer is a prerequisite, so that the measurements required
for the terminal location calculation can be carried out. In UTRAN there are several factors that must be taken into
account while considering the physical layer procedures related to location services:

- hearability: abasic consequence of a CDMA radio system is that aterminal near its serving base station cannot
hear other base stations on the same frequency. In order to calculate terminal location the terminal should be able
to receive at least three base stations. To facilitate this some special means are required;

- asynchronous network causes significant uncertainty to the time-difference-of-arrival (TDOA) measurements.
To compensate for the effects of this, the relative time difference (the synchronicity) between base station
transmissions must be measured, and used for correcting TDOA measurement;

- capacity loss: signalling related to location calculation may take capacity from other services. This capacity loss
should be minimised.

Based on the results of the work donein ARIB SWG2/ST9 (see reference [21]) a solution for the above mentioned
hearability problem isthe IPDL (Idle Period DownLink) method. In this method each base station ceasesits
transmission for short periods of time (idle periods). During an idle period of a base station, terminals within the cell
can measure other base stations and the hearability problem is reduced. Also, during idle periods the real time
difference measurements can be carried out. Because the IPDL method is based on forward link (downlink) the location
service can be provided efficiently to alarge number of terminals simultaneously.

The specification and operation of the IPDL technique are provided in the following subclause.

9.1.1 Operation and specification of idle periods

The operation and specification of idle periods can be found in TS 25.214 (reference [16]).

9.2 Relative Time Difference (RTD)

In order to calculate the estimate of the location of the UE, the calculation function needs to know:
- the OTDOA measurements;
- the surveyed geographic locations of the base stations that have had their signals measured; and

- the actual relative time difference between the transmissions of the base stations at the time the OTDOA
measurements were made.

The accuracy of each of these measurements contributes to the overall accuracy of the location estimate. The
measurement of the RTD is described in the following.

There are several approachesto determining the RTD. One is to synchronise the transmissions of the base stations. In
this technique the RTD are known constant values (see NOTE) that may be entered in the database and used by the
calculation function when making a location estimate. The synchronisation must be done to alevel of accuracy of the
order of tens of nanoseconds (as 10 nanoseconds uncertainty contributes 3 metres error in the location estimate). Drift
and jitter in the synchronisation timing must also be well controlled as these also contribute uncertainty in the location
estimate. Synchronisation to thislevel of accuracy is currently only readily available through satellite based time-
transfer techniques. Generally in the TDD operating mode, the base stations are synchronised.

NOTE: Thetransmission times may all be aligned to a common reference (such as UTC) in which case al RTD
have a common value. However, in amore general case the transmissions may have a fixed offset with
reference to UTC, and thus the RTD values are non-zero and may be stored in the database for use by the
calculation function.

Alternatively (typically in FDD mode), the base stations may be left to free run within some constraint of maximum
frequency error. In this scenario, the RTD will change (slowly) with time. The rate of change will depend on the
frequency difference and jitter between base stations. If, for example, the maximum frequency difference between two
base stations is 10, then the start of transmission of a 10 millisecond code sequence will drift through a cycle in about
1 390 hours (or 57 days). With thisrelatively slow rate of drift the RTD can be measured by fixed units at known
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locations (these are LM Us, Location Measurement Units) and stored in the database for use by the calculation function.
The jitter and drift of the individual oscillatorsin each base station may cause the change of timing to slow, remain
constant or reverse direction over time. Ongoing measurements of the RTD may be made to assure the most current
values are available for the calculation function. The RTD measurement units may be co-located with the base stations
or installed at other convenient locationsin the UTRAN coverage area, and report their results through the UTRAN
signaling channels.

9.3 Time of Day (ToD)

If there are frequency drifts between the (unsynchronised) Node Bs, as noted in the previous subclause, the OTDOA
measurements must be reported together with the time-of-day they were made (timestamp). Thisis necessary so that the
appropriate value of the RTD may be used by the cal culation function.

In order to assure less than a 20 nanosecond uncertainty in the RTD value, the time of day must be known to better than
10 seconds (if the maximum frequency difference between the base stations is +10°). The method by which the ToD is
measured is the system the frame number, which provides a 10 millisecond resol ution and can be unambiguous up to
40.95 seconds..

9.4 Base Station Synchronisation

It is preferable that the location methods do not require the base station network to be synchronised. The needed level of
synchronisation accuracy for LCSis not by any means straightforward to achieve. The necessary information of
Relative Time Differences (RTD) between base stations can be measured by dedicated units (LMU, Location
Measurement Unit) and distributed in the network (e.g. as broadcast information). Also, the measurements of RTD may
benefit from the Idle Period DownLink (IPDL) option.

Inthe TDD operating mode the base stations will typically be synchronised and this may be of assistanceto the LCS
technique.

9.5 OTDOA-IPDL and OTDOA Modes

There are two modes of operation for the OTDOA-IPDL and OTDOA methods. In the UE assisted mode, the UE
measures the difference in time of arrival of several cells and signals the measurement results to the network, where a
network element (the Position Calculation Function (PCF)) carries out the location calculation. In the UE based mode,
the UE makes the measurements and also carries out the location calculation, and thus requires additional information
(such as the location of the measured base stations) that is required for the location calculation. Thisinformationis
provided by the Location System Information Function (LSIF).

Table 9.1 lists the required information for both UE assisted and UE based modes. The required information can be
signalled to the UE either in a broadcast channel or partly also as dedicated signalling.

Table 9.1: Information required for UE assisted and UE based OTDOA- IPDL and OTDOA in the
UTRAN (LSIF) to UE direction ('Yes’ = information required, 'No’ = Information not required)

Information UE assisted | UE based

Intra frequency Cell Info (neighbour list). Yes Yes
Ciphering information for LCS (see note) No Yes
Measurement control information (idle period locations) | Yes Yes
Sectorisation of the neighbouring cells No Yes
Measured RTD values for Cells mentioned at Intra No Yes
frequency Cell Info
RTD accuracy No Yes
Measured roundtrip delay for primary serving cell No Yes
Geographical location of the primary serving cell. No Yes
Relative neighbour cell geographical location No Yes
Accuracy range of the geographic location values No Yes
NOTE: The idea behind LCS specific ciphering information is e.g. that the operator

can sell information that the UE needs for calculating its location. For

reference in the GSM world see [3].
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The information required from UE to UTRAN (PSMF/PCF) islisted in table 9.2.

Table 9.2: Information required for UE assisted and UE based OTDOA- IPDL and OTDOA
in the UE to UTRAN (PSMF/PCF) direction

Information UE assisted | UE based
OTDOA measurement results Yes No
OTDOA measurement accuracy Yes No
UE geographical location No Yes
Location accuracy indicator (based on the signalled and | No Yes
measurement accuracies)

9.6 OTDOA network location procedures

The following diagram illustrates the operations for the OTDOA-L CS when the request for location information is
initiated by an LCS application signalled from the Core Network. As these operations are internal to the RNC, this
diagramistoillustrate information flow and implementations may use alternate arrangements.

Thisillustration only includes the information flow related to LCS operations and does not indicate other operations that
may be required, for example, to establish a signalling connection between the UE and the SRNC. Also not illustrated is
the signalling used to initiate the location service request (from the Location Client Function) from the Core Network or
a UE based application.

UE Node-B SRNC
(e.g. PSMF) PSMF LSOF PRCF PCF LSCF
| | | | |
I I I l 2 | L CS request 1
|g Location request | .
| < from Client
< i OTDOA measurement:request 3 : i i Interface
| UE TX-Rx timing request 4 | |
oo prmmmmmm e [T 1 | |
5 OTDOA Measurements I l I I I
|-
| | =1 | |
[ | | |
6 UE TX-Rx timing measurement | | | |
| I » | |
| | | | |
| | | | |
| I | | |
;‘ _________ RT|T Request 7 i i i
I [ | | [
| RTD Request 8 | I |
| ' |
| 9 RTT Measurements I o |
| | > I
| L0 RrrDdata | |
| | I
I l 1 ]_Calculation request (with measures)
I s )
| ! !
Locatign Estimate 12
i‘ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i
l 13 Response to LSCF
I
i | t.l4—>
I I LCS response

Figure 9.2: OTDOA Signalling Operations

1. The operation begins with an authenticated request for location information about a UE from an application in
the core network being received at the LSCF. The LSCF acts as interface between the Core Network and the
LCSentitiesin the UTRAN.

2. The LSCF considers the request and the capabilities of the UE and the network and forwards the request to the
appropriate PRCF in the Serving RNC.

3. The PRCF requests from the UE the measurement of the OTDOA for the signals in the active and
nei ghbourhood sets. These measurements may be made while the UE isin the idle state or while it is connected.
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4. If itisconsidered advantageous to do so, the PRCF requests the UE TX-Rx timing difference information from
the UE.

5. The UE returns the OTDOA measures to the PRCF. The PRCF receives the OTDOA information and co-
ordinates obtaining other information to support the calculation request (not illustrated).

6. The UE returnsthe UE TX-Rx timing difference information to the PRCF, together with a time stamp of when
the value was obtained.

7. If there are insufficient OTDOA measures, or it is otherwise considered advantageous to do so, the PRCF
requests the RTT measure for the UE from the PSMF in the serving Node-B.

8. The PRCF requests the RTD measures for the associated transmitters from the L SOF (database). These may be
stored locally if they are constant over time, otherwise they must be updated to represent the RTD timing at the
time-of-day the OTDOA measurements were made.

9. The PSMF in the Node-B returnsthe RTT measures to the PRCF if they were requested.
10. The LSOF returns the RTD information to the PRCF.

11. The PRCF passes the OTDOA, RTD and, if necessary, RTT information to the PCF and requests a location
calculation. The calculation may include a co-ordinate transformation to the geographic system requested by the
application.

12. The PCF returns the location estimate to the PRCF. This estimate includes the location, the estimated accuracy
of the results and the time of day of the estimate.

13. The PRCF passes the location estimate to the LSCF.

14. The LSCF passes the location estimate to the Core Network.

10 Network assisted GPS location 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;
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- 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;

- dlow the UE to consume less handset power than with stand-alone GPS ; thisis due to rapid start-up times as the
GPS can bein 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.

S-RNC UE

Request to locate UE or
request to issue assistance
datato the UE

S-RNC collects available network
info about UE.

S-RNC computesGPS

assistance.
E Timing calibration. ! GPS assistance information is conveyed
! The timi i tothe UE
! e timing !
! calibration must be ! UE makes GPS ith the helo of
: known at the RNC | mgasure_ments vx_ntf the elp o
! in order to provide : GPS assistance information
, timing assistance. ! GPS measur . results are conveyed to S-
T : C
S-RNC calculates location | UE calculates location fix
P UE location info P UE location info
~  (UE-assisted) ~  (UE-based)

Figure 10.1: Network assisted GPS methods

10.1  Timing calibration

Timing calibration is achieved by using UE or UTRAN GPS timing measurements as specified in [17].

10.2  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 received from the GPS reference receiver network, to
derive the estimated times of arrival (code phases) for equivalent GPS satellite signals received by the UE-based GPS
receiver functionality. The estimated code phase data may be conveyed, together with Tyrran-cps (as specified in [17]
and [18]), 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 timing calibration and initial location determination methods used.

10.3 Data assistance

The UE may receive GPS information through the UTRAN air interface, using higher layer signalling.
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When the UE is unable to detect a sufficient number of satellites, the assisted GPS method can be combined with other
location 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 afew 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 location calculation; e.g. reference time, reference location, 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.

If DGPS s utilised, then differential corrections may also be transmitted. If Selective Availability isturned off, these
corrections can be valid for afew minutes or more. The DGPS datais valid for alarge geographical area, so one
centrally located reference receiver can be used to service this large region.

10.4 UE search

Provided that timing and/or data assistance is available in the UE they should be applied in the GPS signal
searchprocedure. UE search procedure involves athree-dimensional search for a satellite PRN (pseudorandom) code,
time of arrival of asignal and the associated carrier Doppler.

"Modulation wipe-off" is defined here to mean aremoval of the GPS navigation data bit modulation to GPS signals
received at the UE, through the application of UTRAN timing and data assistance provided from the UTRAN to the UE.
This process allows the UE to coherently integrate received GPS signals beyond 1 data bit period (i.e., 20 milliseconds).

10.5 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 methods, namely UE-based and UE-assisted, which differ according to
where the actual location calculation is carried out.

10.5.1 UE-based method

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

- referencetime for GPS (Tyrran-cps) (Specified in [17] and [18]);

- 3-dreference location (specified in [17]);

- ionospheric corrections;

- satellite ID for identifying the satellites for which the assistance is provided;

- ephemeris and clock corrections to accurately model the orbit of the particular satellite and information when
this becomes valid;

- UTC offset;

- DGPS corrections;
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- admanac data;
- red-timeintegrity (e.g., alist of unusable satellites).

The following information may be signalled from the UE to the UTRAN (LSIF):
- reference time for GPS (specified in [17] and [18]);

- serving cell information;

- Latitude/Longitude/Altitude/Error ellipse;

- velocity estimate of the UE;

- satellite ID for which the measurement datais valid;

- Whole/Fractiona chips for information about the code-phase measurements;

- CINg 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.

10.5.2 UE-assisted method

In the UE-assisted method, the UE employs areduced 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 location of the UE and carries out the remaining GPS operations. In this method, accurately
timed code phase signalling (as specified in [17] and [18]) isrequired 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 location accuracy without extra signalling to the UE.

The following information may be signalled from the UTRAN (LSIF) to the UE:
- number of satellites for which assistance is provided,
- referencetime for GPS (Tyrran-cps) (Specified in [17] and [18]);
- satellite ID for identifying the satellites for which the assistance is provided;
- doppler (0™ order term);
- Doppler Search Window width;
- doppler (1% order term);
- code phasg;
- code phase centre and Search Window width;
- ephemeris;
- azimuth;
- €levation.

The following information may be signalled from the UE to the UTRAN (LSIF):
- referencetime for GPS (Tye.gps) (Specified in [17] and [18]);

- number of Pseudoranges,
- SVID;

- satellite C/No;

- doppler;

- satellite Code Phase;

- multipath indicator;
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- pseudorange RMS Error.

Additional parameters, such as round trip time (RTT) in FDD or Rx Timing Deviation in TDD, UE receiving
transmitting time (UE RxTx), SFN-SFN observed time difference and CPICH Ec/No, may be used to improve the
performance of UE-assisted GPS. All the additional parameters are defined in [17] and [18] and can be made available
through RRC signalling. Furthermore, to those UE technologies requiring externally provided sensitivity and time
aiding data, some navigation bits may be sent from UTRAN to UE for sensitivity assistance and time recovery.
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< NEXT MODIFIED SECTION >

10.4 UE search

Provided that timing, frequency, and/or data assistance is available in the UE they should be applied in the GPS signal
searchprocedure. UE search procedure involves a three-dimensional search for a satellite PRN (pseudorandom) code,

time of arrival of asignal and the associated carrier Doppler.

"Modulation wipe-off" is defined here to mean aremoval of the GPS navigation data bit modulation to GPS signals
received at the UE, through the application of UTRAN timing and data assi stance provided from the UTRAN to the UE.
This process allows the UE to coherently integrate received GPS signals beyond 1 data bit period (i.e., 20 milliseconds).
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6.6.4.2

Signalling between RNC and stand-alone LMU

Signaling exchanges between an RNC and a stand-alone LMU under the control of that RNC will be
specified in the RRC protocol for stand-alone LMUSs. This does not preclude a stand-alone LMU from also
communi cating with other networks (e.g. GSM) through interfaces (e.g. LLP protocol) that are not part of
the present document.

Each update of the LMU measurement (including theinitial one) istriggered by a LCS request from the
client that isinternal to UTRAN. The request may be made directly to the UTRAN LCS entities asthe
internal clients are considered to be "pre-authorised" (section 5) or comes from CN with authentication.

The following figure illustrate the protocol layers used to support signaling between an RNC and a stand-
alone LMU over the Uu interface.

The protocol layers employed to enable signaling between the RNC and a stand-alone LMU are defined in
25.331. The LMU signaling information elements are included directly in the RRC protocol, also defined in

25.331.
RRC RRC
(RRC » (RRC
Connection) Connection)
RLC |g » RLC
MAC [ »  MAC
L1 |—p > L1
Stand-aloneLMU Uy~ NodeB SRNC

Figure 6.5: Signalling between an RNC and a Stand-Alone LMU using a signalling bearer

7.2

Void.

Common procedures to support access to a LMU




7.3 Common control procedures for LMUs

Void.
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10.6 Network Assisted GPS positioningLecation Procedure

Thediagramin Figure 10.1 illustrates the operations for the network assisted GPS when the request for
lecationposition information isinitiated by a L CS application signaled from the Core Network. A detailed
description of the leeation-positioning procedures is given as follows. Note that the procedureisfor
illustration purpose and actual implementations mayean vary.

1. The operation begins with an authenticated request for teeationpositioning information about a UE
from an application in the core network being received at the SRNCLSCF. The SRNCLSCF acts as
interface between the Core Network and the EESUP entities in the UTRAN.

2. The ESCFSRNC considersthe request and the capabilities of the UE and the network-and-forwards
the request to-the-appropriate PRCF inthe Serving RNC.

3. Depending on UE's request, the SRNCPREF sends to the UE certain assistance information, which
may include part of the following information: the reference time for GPS, the satellite | Ds, the
Doppler frequency, the search window and its centre, the ephemeris and clock corrections, the
amanac, and other information specified in 10.5.1 and 10.5.2.

=  For UE-based method (10.5.1), jump to step 740.

=  For UE-assisted method (10.5.2), the PREFSRNC may optionally requests the following
information before sending the assistance message(s) to the UE: the LMU update* ,-and the
RTT measurements (relatedtothe YE from the PSMFs-ofinthe serving 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 to the
CRNCPRCF. The PSMF-of a intheserving-Node-B returnsitsthe RTT measurement to the
CRNCPRCF. If the CRNC is not the SRNC, the CRNC forwards these information to SRNC.

4. The SRNCPRCF requests from the UE the measurement of GPS satellite pseudoranges and other
information specified in 10.5.2. These measurements may be made whilethe UE is either idle or
connected. H-itisconsidered-advantageousto-do-so, tThe PRCFSRNC 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-of-the serving-Node B.

5. The UE returns to the SRNCPRCF the measurement of GPS satellite pseudoranges and other
information specified in 10.5.2 . If requested, the UE may also return the SFN-SFN measurements
and the Rx-Tx time difference information, together with atime stamp of when these values were
obtai ned-if requested.

7. |If there areisinsufficient information to vield a UE leecationpositioning estimate, er-theinformation-

gatheringprocess-isfailed-at somepoint,-oritisotherwise considered-advantageous to-do-so,- the
SRNCPREF may starts anew process from step 3.

8. In case of UE based method, The PCF-(or The UE, if UE-based method) UE returns the
locationposition estimate to the SRNCPRCF. This estimate includes the positi ontecation, the
estimated accuracy of the results and the time-ef-day of the estimate.

The PRCF passes the location-estimate to the LSCF.




9. The SRNCLSCF passes thelocation position estimate to the CNCore Network.

*Note: The LMU update (of the time difference between the GPS and the Node-B) mayean be
performed on a per-request basis (with respect to each LESUP request) or be performed timely that is
independent of individual EESUP request. The latter is preferable when there are large volume of
LCSUP requests.
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< NEXT MODIFIED SECTION >

6.6.4.1.1 Assistance Data Delivery to UE

The assistance data signalling flow illustrated here is generic for the point-to-point delivery of leeationpositioning
rel ated assustance daIa to the UEUEbased—leeaHmmetheds incl udmg OTDOA and Network aAsssted GPS—Netethat

1. RRC Measurement Control

Figure 6.2: OTDOA or GPS Assistance Data Delivery Flow

1. The S-RNC determines assistance data and sendsit in the RRC MEASUREMENT CONTROL message to the
UE.

< NEXT MODIFIED SECTION >

Signalling Flow for Assistance Data Broadcast Using the Common UTRAN

6.6.4.1.4
Broadcast Service

broadcast Iocatl on rel ated assi stance data to U Es Wlthl n the system mformatl on.

SRNC UE

SYSTEM INFORMATION

A 4

Figure 6.3: Broadcast of system information
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10.1  Timing calibration

Timing calibration is achieved by using UE or UTRAN GPS timing measurements as specified in [17].

10.2  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 received from the GPS
reference receiver network, to derive the estimated times of arriva (code phases) for equivalent GPS
satdllite signals received by the UE-based GPS receiver functionality. The estimated code phase data may
be conveyed, together with Tyrran-cps (&S specified in [17] and [18]), from the UTRAN to the UE using
higher layer signalling. The estimated code phase data valueis uncertain to a degree depending on the
accuracy of the UTRAN timing calibration and initial location determination methods used.

10.3 Data assistance

The UE may receive GPS information through the UTRAN air interface, using higher layer signalling.
When the UE is unabl e to detect a sufficient number of satellites, the assisted GPS method can be
combined with other location 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:

- dataassisting 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 afew 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;

- dataproviding means for location cal culation; e.g. reference time, reference location, 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 partialy, from other types of
GPS Assistance data.

If DGPSis utilised, then differentia corrections may aso be transmitted. If Selective Availability is turned
off, these corrections can be valid for afew minutes or more. The DGPS datais valid for alarge
geographica area, so one centrally located reference receiver can be used to service thislarge region.

10.4 UE search

Provided that timing assistance,and/er data assistance, and/or frequency reference (see Annex A) is
available in the UE, they should be applied in the GPS signal search procedure. The UE search procedure
involves athree-dimensiona search for asatellite PRN (pseudorandom) code, time of arrival of asignal
and the associated carrier Doppler.




<<< NEXT MODIFIED SECTION >>>

Annex A (informative):
Definitions and Terms

This annex provides definitions and terms for the general LCS. Not al of these are applicableto the
UTRAN environment.
CAMEL: CAMEL isanetwork functionality, which provides the mechanisms of Intelligent Network to a
mobile user.
Current Location: after alocation attempt has successfully delivered alocation estimate and its associated
time stamp, the location estimate and time stamp isreferred to as the 'current location’ at that point in time.
Deferred location request: alocation request where the | ocation response (responses) is (are) not required
immediately.
Frequency reference: the frequency reference of the UE obtained from the UTRAN radio interface that
mayis be used to minimize the frequency search associated with acquiring GPS satellite signals. When the
UE acquisition processis digned to this reference, the carrier Doppler uncertainty that must be searched for
aparticular 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 tmmediately-avail abl e within the UE to
support rapie-reacquisition of satellite signals.
Global Positioning System: the Global Positioning System (GPS) consists of three functiona 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: alocation request where a single location response only is required
immediately.
Initial Location: inthe context of an originating emergency call the location estimate and the associ ated
time stamp at the commencement of the call set-up isreferred to as'initial location'.
Last Known Location: the current location estimate and its associ ated time stamp for Target M S stored in
the LCS Server is referred to as the 'last known location' and until replaced by alater location estimate and
anew time stamp is referred to as the 'last known location'.
LCS(LoCation Services): LCSisaservice concept in system (e.g. GSM or UMTS) standardisation. LCS
specifies all the necessary network elements and entities, their functionalities, interfaces, aswell as
communi cation messages, due to implement the location service functionality in a cellular network.

NOTE: LCSdoes not specify any location based (value added) services except locating of emergency

cals.

LCSClient: asoftware and/or hardware entity that interacts with a LCS Server for the purpose of
obtaining location information for one or more Mobile Stations. LCS Clients subscribeto LCSin 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 Mobile Station (MS).
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Foreword
This Technical Specification (TS) has been produced by the 3 Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Verson x.y.z
where:
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y thesecond digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document specifies the stage 2 of the UE Positioning (UP) function LeCatien-Services{(LCS)-feature ofin
UTRAN, which provides the mechanisms to support the calculation of the geographical location of a UE. mebie UE
position knowledge can be used for example in support of Radio Resource Management functions, |ocation based
services for operators, subscribers and third party service providers.loeation-servicesfor-operators,-subscribers-and-third
party service providers.

The purpose of this stage2 specification isto define the UTRAN UPLCS architecture, functional entities and operations

to support positioningteeation methods. This description is confined to the aspects-of LCS withinthe UTRAN_Access
Stratum. It and-does not define nor describe how the results of the UE position calculation can be utilised in thethe LCS

entities-or-operations within-the Core Network e.9. LCS or in UTRAN e.g. RRM.

UPLecation-Services may be considered as a network provided enabling technology consisting of standardised service
capabilities, which enable the provision of location applications. The application(s) may be service provider specific.
The description of the numerous and varied possible location applications which are enabled by this technology are
outside the scope of the present document. However, clarifying examples of how the functionality being described may
be used to provide specific location services may be included.

This stage 2 specification covers the UTRAN UPLCS functional model and entities, the positioninglecation methods,
state descriptions, and message flows.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

» References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

» For aspecific reference, subsequent revisions do not apply.

» For anon-specific reference, the latest version applies.

2.1 Normative references

[1] 3G TS23.171: "Functional stage 2 description of location servicesin UMTS".

[2] GSM 01.04 (ETR 350): "Digita cellular telecommunication system (Phase 2+); Abbreviations and
acronyms'.

[3] Technical Specification Group Services and System Aspects Service aspects; Terminology and
Vocabulary within TSG-S1: Report and Recommendations, 28.7.99.

[4] GSM 02.71: "Digital cellular telecommunications system (Phase 2+); Location Services (LCS);
Service description, Stage 1".

[5] GSM 03.71: "Digital cellular telecommunications system (Phase 2+); Location Services (LCS);
(Functional description) - Stage 2".

[6] GSM 03.32: "Universal Geographical Area Description”.

[N 3G TS22.100: "UMTS phase 1 Release 99".

[8] 3G TS22.101: "Service principles’.

[9] 3G TS 22.105: "Services and Service Capabilities'.
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[10] 3G TS 22.115: "Charging and Billing".
[11] 3G TS22.121: "The Virtua Home Environment".
[12] 3G TS23.110: "UMTS Access Stratum; Services and Functions'.
[13] 3G TS 25.413: "UTRAN lu interface RANAP signalling”.
[14] 3G TS25.423: "UTRAN Iur interface RNSAP signalling".
[15] 3G TS 25.433: "UTRAN lub interface NBAP signalling".
[16] 3G TS 25.214: "Physical layer procedures (FDD)"
[17] 3G TS 25.215: "Physical layer — Measurements (FDD)".
[18] 3G TS 25.225: "Physical layer — Measurements (TDD)".
[19] 3G TS 25.331: "RRC protocol specification”.
[20] 3G TS 23.032: "Universal Geographical Description (GAD)".
[21] 3G TS 25.430: "UTRAN lub interface: General aspects and Principles’.
[22] 3G TS 23.171: "Functional stage 2 description of location servicesin UMTS".
2.2 Informative references
[2223] Third generation (3G) mobile communication system; Technical study report on the location
services and technologies, ARIB ST9 December 1998.
[2224] The North American Interest Group of the GSM MoU ASSOCIATION: Location Based Services,
Service Requirements Document of the Services Working Group.
3 Definitions and abbreviations
3.1 Definitions

For the purposes of the present document, the terms and definitions given in 3G TS 22.101 and some of the terms and
definitionsin annex A apply.

3.2

For the purposes of the present document,-the GSM-

Abbreviations

abbreviations givenin UMTSTS22.101-apphy- the following abbre\nanons apply

3G-MSC 3" Generation MSC

3G-SGSN 39 Generation SGSN

ARIB Association of Radio Industries and Business
ATD Absolute Time Difference

CAMEL Customised Application For Mobile Network Enhanced Logic
CN Core Network

CRNC Controlling RNC

DL Downlink

DRNC Drift RNC

GMLC Gateway MLC

GPRS General Packet Radio System

GPS Global Positioning System

HLR Home L ocation Register

IPDL Idle Period Downlink
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LBS Location Based Services

LCCF Location Client Control Function

LCFE Location Client Function

LCS LoCation Services

LMU Location Measurement Unit

LSCF Location System Control Function

LSOF Location System Operation Function

MLC Mobile Location Center

MSC M obile services Switching Centre

OTDOA Observed Time Difference Of Arrival

PCF Position Calculation Function

PLMN Public Land Mobile Network

PRCF Positioning Radio Co-ordination Function

PRRM Positioning Radio Resource Management

PSMF Positioning Signal M easurement Function

QoS Quality of Service

RAN Radio Access Network

RANAP Radio Access Network Application Part

RNC Radio Network Controller

RRM Radio Resource M anagement

RTD Real Time Difference

RTT Round Trip Time

SAl Service Area ldentifier

SGSN Serving GPRS Support Node

SIM Subscriber Identity Module

SMLC Serving MLC

SMS Short Message Service

SRNC Serving RNC

SSDT Site Selection Diversity Transmit

TOA Time Of Arriva

U-..... UMTS-(LCS functional block)

UE User Equipment

UL Uplink

UMTS Universal Mobile Telecommunication System

UupP UE Positioning

UusiM User Service ldentity Module

UuTC Universal Time Coordinates

UTRAN Universal Terrestrial Radio Access Network

WCDMA Wideband Code Division Multiple Access
4 Main concepts_and requirements

A general description of location services and the service requirementsis given in the-specification-3G-TFS22.071-[4].

By measuring radio signals the capability to determine the geographic positionteeation of the user-equipment-(UE) shall
be provided. The positionteeation information may be requested by and reported to a client (application) associated with
the UE, or by aclient within or attached to the Cere-NetweorkCN. The toeationposition information may also be utilised
internally by UTRAN, for example, for location assisted handover or to support other features such as home location
billing. The leeationposition information shall be reported in standard formats, such as those for cell based or
geographical co-ordinates, together with the time-of-day and the estimated errors (uncertainty) of the loeationposition of
the UE.

It shall be possible for the majority of the UE (active or inactiveidie) within a network to use the feature without
compromising the radio transmission or signalling capabilities of the UTRAN.

The uncertainty of the teeationposition measurement shall be UTRAN designa-{implementation) dependent at the choice
of the network operator. The uncertainty may vary between networks as well as from one area within a network to
another. The uncertainty may be hundreds of metres in some areas and only a few metresin others. In the event that the
loeationposition measurement is also a UE--assisted process, the uncertainty may also depend on the capabilities of the
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UE. In somejurisdictions, there is aregulatory requirement for location service accuracy that is part of an emergency
service. Further details of the accuracy requirements can be found in [4].

The uncertainty of the lecationposition information is dependent on the method used, the toeationposition of the UE
within the coverage area and the activity idle-or-active state-of the UE. Several design options of the UTRAN system
(e.g. size of cell, adaptive antenna technique, path loss estimation, timing accuracy, Node Bbase station surveys) shall
allow the network operator to choose a suitable and cost effective UP methodlecation-service feature for their market.

There are many different possible uses for the lecation-positioning information. The teeation-positioning functions
feature-may be used internally by the UTRAN netwerk-(or-attached-networks), by value-added network services, by the
UE itself or through the network, and by "third party" services. The feature may aso be used by an emergency service
(which may be mandated or "value-added"), but the location serviceis not exclusively for emergencies.

The UTRAN isanew radio system design without a pre-existing deployment of UE operating according to the ai+-radio
interface. This freedom from legacy eguipment enables the location service feature design to make use of appropriate
techniques to provide the most accurate results. The technique must also be a cost-effective total solution, must allow
evolution to meet evolving service reguirements and be able to take advantage of advances in technology over the
lifetime of UTRAN deployments.

4.1 Assumptions

Asabasisfor the operation of EES-UP in UTRAN the following assumptions apply:

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

- both, TDD and FDD will be supported in release '99;

- the provision of the UP functiontecation-serviee in UTRAN is optional through support of the specified
method(s) in Nede-BNode B and the ERNC;

- LSS UPisapplicable to any target UE whether or not the UE supports LCS, but with restrictions on use eheiece
of Leeanencertal n positioning method depenqu on UE capab|I|tv asdefinedin 25 926 epnenﬂeaﬁenef—a

- theleeation-positioning information may be used for internal system operations to improve system performance;
- therearedifferent types of LMU are defined, e.g. a standalone LMU and/or LMU integrated in Node B;

- thelecation-proeessUP 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.

4.2 Location Services Categories

Void.
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4.3 Loeeating-UE Positioning Methods

The LCSfeatureUTRAN may utilises one or more loeationpositioning methods in order to determine the lecation
position of an YserEquipment (UE)-er-Meobite Statiens. Loeating-Positioning the UE involves two main steps:

- signa measurements; and

- leeation-Position estimate computation based on the measurements.

The signal measurements may be made by the UE, the Node B or a dedicated-location-measuring-unit(LMU). The basic
signals measured are typically the UTRA radio transmissions, however, some methods may make use of other
transmissions such as general radio navigation signals.

In addition the feeatien-servieepositioning function should not be limited to a single method or measurement. That is, it
should be capable of utilising other standard methods and measurements, as are available and appropriate, to meet the
required service needs of the location service client. This additional information could consist of readily available
UTRAN measurements such as RTT in FDD or Rx Timing deviation measurement and knowledge of the UE timing
advance, in TDD.

The loeation-position estimate computation may be made in-by the UE or by acaleulationfunctionlocated-in-the
UTRAN.

4.4 Standard LCSUP Methods

The standard £ES-positioning methods supported within UMTS UTRAN are::
- cell ID based method,;

- OTDOA method that may be assisted by with network configurable idle periods (the idle period configurability
isto be specified in the specification);-and

- network--assisted GPS methods.

4.4.1 Cell ID Based Method

Inthe cell ID based (i.e. cell coverage) method, the toeation-position of an UE is estimated with the knowledge of its
serving nede-BNode B. The information about the serving rede-BNode B and cell may be obtained by paging, locating
area update, cell update, URA update, or routing area update.

The cell coverage based teeationpositioning information can be indicated as the Cell Identity of the used cell, the
Service Aarea lidentity or as the geographical co-ordinates of aleecationposition related to the serving cell. The
teeationposition information shall include a QoS estimate (e.g. regarding achieved accuracy).

When geographical co-ordinates are used as the teeationposition information, the estimated teeationposition of the UE
can be a fixed geographical tecationposition within the serving cell (e.g. tecationposition of the serving nede-BNode B),
the geographical centre of the serving cell coverage area, or some other fixed leeationposition within the cell coverage
area. The geographical lecationposition can also be obtained by combining information on the cell specific fixed
geographical tecationposition with some other available information, such as the signal Reund-FripFime{RTT} in
FDD (asspecifiedin[17]) or Rx Timing deviation measurement (as-specified-in-[18]) and knowledge of the UE timing
advance, in TDD.

The operation of the cell ID based loeationpositioning method is described in clause 8.
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4.4.2 OTDOA-IPDL Method with network confrgurable idle periods

The OTDOA-IPDL {Obser Downkink) method
involves measurements made by the UE and LM U of the UTRAN frame t| ming (e.g. SFN-SFN observed time

difference). These measures are then sent to the SRN Ca-Pesition-CaleulationFunction(PCF)-inthe Serving RNC where
the positiontecation of the UE is cal culated.

The simplest case of OTDOA-IPDL iswithout idle periods. In this case the method can be referred to as simply
OTDOA.

The Node Bs may provide idle periods in the downlink, in order to potentially improve the hearability of neighbouring
Node Bsother-Celts. The support of these idle periods in the UE is optional. Support of idle periods in the UE means

that its OTDOA performance will improve when idle periods are available.

altematwelybeperﬁermeermtheuléAlternatrvelv the UE may perform the cal culatron of the location using

measurements and assistance data.

The detailed description of the OTDOA-IPDL teeatienpositioning method and its operation are described in clause 9.

4.4.3 Network-a-Assisted GPS Methods

These methods make use of UEs which are equipped with radio receivers capable of receiving GPS signalsfrom-the

The operation of the network-a-assisted GPS methods is described in clause 10.

5 UTRAN UPLCS Architecture

Flgure 5 1 shows the general arrangement of the I:eeatrenéervreeUE posrtlonl ng featurein UTRAN. metuelmqthe

(CN)-across the lu-interface: Communrcatron among the UTRAN LCS-UP entities makes use of the messaging and
signalling capabilities of the UTRAN interfaces (lub, lur).

Withinthe UTRAN;-typically-Tthe serving SRNC, receives authenticated requests for UE positioning€S information
from the core-networkCN across the lu interface. LES-entitiesthen-RNCs manage the UTRAN resources, including the
Neode-BNode Bs (base stations), LMUSs, the UE and calculation functions, to estimate the lecationposition of the UE
and return the result to the CN._ SRNC may also make use of the UP function for internal purpose e.g. position based

handover.

3GPP



Release 1999 14 3GPP TS 25.305 V3.3.0 (2000-09)

LMU e
TypeA

i 3G- HLR
Uu luge ! SGSN

UE — Node® I'.Ijb (SbRIVIITl_E iIu Y] S?:?\;L R L9 Gateway e ﬁx;em
(LMU I functio- ' I MLC LCSclient
TypeB) nality)

%Iur __Lg__ Lc

NodeB | Iub | RnC Gateway
(LMU i MLC
TypeB) gsmSCF
Other PLMN
LMU
TypeA
Uu
NodeB| Ilub lu
SRNC
UE ,
2 (LMU | §S|\/|C|t_c i CN
unctio-
TypeB) nality)
lur

NodeB | Iub [ pNC
(LMU |
TypeB)

Figure 5.1: General arrangement of UPLCS in UMTS

5.1 LECS-UP Operations

The schematic functional description of LCS operationsin UMTS isdefined in [1].

Upon request from the UMT,S-Core Network ECS-entities-or for internal operations, the UTRANaRNC LCS
funetional UP entities-function witishould:

- request measurements, typically from the UE and one or more Nede-BNode B-radio-apparatus;

- send the measurement results to the appropriate calculating function within UTRAN;
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- receive the result from the calculating function within UTRAN;
- perform any needed co-ordinate transformations;
- send the results to the LCS entities in the core-retworkCN or to application entities within UTRAN.

In the event that the client isinternal to UTRAN the request may be made directly to the UTRAN LESUP entities as the
internal clients are considered to be " pre-authorised”.

As part of its operation, the UTRAN LESUP calculating function may require additional information. This may be
obtained by the function directly by communication with a database, or it may be through a request to UTRAN LECSUP
entities that will mediate the request and return of information from the appropriate database (or databases if more than
one is needed to fulfil the requests).

There may possibly also be available independent information that is able to supply the teeatienpositioning information
directly, or may be able to supply auxiliary information to the calculation function. The UTRAN LESUP co-ordination

function, as part of its activity to supervise the location process, may query the UE or other elements of the UTRAN to

determine their capabilities and use this information to select the mode of operation.

This general operation is outlined in the following (generic) sequence diagram figure 5.2. Thisfigureis not intended to
show the complete LESUP operation for UTRAN, but to simply to outline the basis for operation.

CN LCS UTRAN |Coordination Measurement | Calculation
Entities Entities

Location R

Request g

measure request

»
»

measurements

<
<4

calculation request

A4

_ calculation results
< -

Location
Response

Figure 5.2: General sequence for LECSUP operation

5.1.15.21 Co-ordination, Measurement and Calculation Functions

These UTRAN functions for UP(in provide the
co-ordination, measurement and calculatlon functlons needed to prowde alreeanenp SI'[IO estl mate. The functions
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interface with the requesting application and select the appropriate toeationpositioning method and speed of response.
The functions co-ordinate the operations of the radio and measurement equipment to transmit the needed signals and to
make the needed measurements. The measurements may be made by theNede-B Node B, radio-apparatus-associated
with-the-Node-B-or separate Location-Measdrement-Unitsby the {LMU). The LMU that-may be associated with the
Node BNede-B, independently located or remote (i.e. communicating over the Uu interface).

The functions may also access databases or other sources of information appropriate for the toeatienpositioning method.
The functions a so provide the calculation functions appropriate for the teeatienpositioning method to estimate the UE
leeationposition and the accuracy of the report. The functions may also make co-ordinates translations to the geographic
co-ordinates system requested by the application. The functions also may record information on the usage of the
LCSUP that may be used for administrative purposes (e.g. forwarded to a billing function in the Core- NetworkCN). If
needed by the toeationpositioning method, the functions will ensure the broadcast of information and gather and update
information concerning UTRAN operating parameters (e.g. timing of Node -B transmissions) needed for EESUP
operations.

These entities are mainly concerned with the teeatienpositioning method, controlling the radio equipment and
performing the calculations to determine the lecationposition and thus may be associated with the RNC in the UTRAN
aeeesshetwerk. These functions may receive location requests from either the eere-networkCN or from applications
internal to the UTRAN.

The UTRAN LESUP entities may also request the subscription and authorisation functions in the eere-networkCN to
authenticate an application or a UE subscription or to verify the subscriber privacy parameters.

These RNC functions communicate with the core-networkCN across the lu interface, with other RNC entities inthe
UTRAN-across the lur interface and with the Node-B and LMU across the lub interface and with the UE and the remote
LMU across the Uu interface.

5.2 High-Level Functions
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5.4

5.5

5.5.1

5511

Assignment of LCS Functional Entities to UTRAN Elements

Functional Description of UTRAN UP relatedtbCS-Netweork
elements

Radio Network Controller (RNC)

Serving RNC

The Serving RNC(SRNC) is a network element of UTRAN and contains functionality required to support LCSin one

PLMN.

The SRNC provides the following functionality:

reguest of information from other RNC:

The SRNC may reguest information regarding UP from other RNCs.

- broadcast of system information:

The SRNC may broadcast information in support of the selected positioning method. This broadcast information

may be specially coded (i.e. encrypted) to ensure its availability only to subscribers of the service.

The information to be broadcast could include, for example:

identification and spreading codes of the neighbouring cells (the channels that are used for measurements);

Relative Time Difference (RTD), i.e. the timing offsets, asynchronity between base stations, could be based

on measurement results obtained by LMUS;

roundtrip delay estimates in connected mode;

the geographic location, co-ordinates, of the neighbouring Node B;

the idle period places within the frame structure for multiple cells;

the local time-of-day.

- flow control of positioning requests:

If several simultaneous positioning requests are present within one SRNC, the SRNC co-ordinates the

positioning requests taking into account priority of the requests (e.q. for Emergency Clients).
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positioning method selection:

The positioning method selection is based on the location request, QoS, capabilities of UP elements and UE
positioning capabilities.

position calculation:

The SRNC may calculate the position of a UE and may also support conversion of the location estimate between
different geographic reference systems. In case RNC estimates the UE position, it is also responsible to estimate
the accuracy of the position estimate. This accuracy estimate should include, for example, the effect of geometric
dilution of precision (GDOP), the capabilities of the signal measuring hardware, the effects of multipath
propagation and the effects of timing and synchronisation unknowns. The accuracy should be returned as a
measure of distance in the same units as the |ocation estimate. The accuracy zone may be reported as the axis
and orientation of an ellipse surrounding the |ocation estimate

storage of UP related data:

The UP related data stored in RNC consists of UE positioning capabilities, data related to clients and

subscribtions.

5.5.1.2 Other RNC

55.1.2.1 Controlling RNC

The CRNC provides the following functionality:

resources management:

When allocating resources the CRNC determines which UTRAN elements are involved and what to measure.
The RNC is aso responsible for managing the effect of UP operations on the overall performance of the radio

network by:

- controlling the variation of the UL and DL signal power level dueto UP;

- calculating the DL and UL power/interference due to UP;

- to admit/reject the new positioning requests,

- co-operating with Admission Control, and entities of the RRM (such as power control) to provide the system
stability in terms of radio resources,

- _controlling the IPDL mechanism for OTDOA measurements. This may include the overall control of the
periodical measurement fulfilment. Co-ordination among RNC (e.g. to assure non-overlapping idle periods)
will be communicated through the lur interface.

request UP related measurements from its associated Node Bs and LM Us:

The measurements requested by CRNC from its associated Node Bs and LMUs is dependant on the positioning
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method used. The following measurement returned by a LM U to a CRNC have a general status and may be used
for more than one positioning method:

- _radio interface timing information

Signalling between Node B or LMU and CRNC istransferred using lub signalling.

55.1.2.2 Drift RNC
The DRNCDMLRNG isaUTRAN element that has active link to the UE that shall be located. DF#PDRN%mayasI«Hs

DRN%%haHhenieward&the%&suhs&e%heSRN@seMngRNe DRNC may prowdethe same UP funct|onal|tv as

CRNC.

55.2 Node B

Node B is a network element of UTRAN that may provide measurement results for toeationposition estimation-—H
containsa-PSMF and makes measurements of radio signals and communicates these measurements to the SRNC.

The Node B may make its measurements in response to requests (e.g. from the SRNC), or it may autonomously
measure and report regularly or when there are significant changesin radio conditions (e.g. changesin the RTD).

5.5.3 Location measurement unit (LMU)

The Locationt€S Measurement Unit (LM U) entity makes measurements (e.g. of radio signals) and communicates these
measurements to athe S-RNCERNC {e.g-the PRCF). The LMU eentains-aPSMFE-and-may a so perform calculations
associated with the measurements.

All positioning and assi stance measurements obtained by an LMU are supplied to a particular CRNC associated with
the LMU. Instructions concerning the timing, the nature and any periodicity of these measurements are either provided
by the CRNC or are pre-administered in the CRNC (e.g. using O& M).

The LMU may make its measurements in response to requests (e.g. from the SSRNCCRNC (e.g-the PRCF)), or it may
autonomously measure and report regularly (e.g. timing of Node -B transmissions) or when there are significant
changes in radio conditions (e.g. changesin the RTD).

There may be one or more LMU associated with the UTRAN and an LESUP request may involve measurements by one
or more LMU. The LMU may be of several types and the S-SRNECRNCs will select the appropriate LM Us depending
on the EESUP method being used.

The LMU may be used, for example, to measure UTRAN transmissions either UL uphink or DL dewntink. These
measurements may be made either, for example, to locate the UE or to measure a system parameter needed by the
UPLCSsystem such as the timing offset (RTD) of transmissions of two or more base stationNode Bs. The LMU may
also measure other transmissions, such as those of satellite navigation systems (i.e. the Global-Position-System-(GPS))
and either report the measurements for use by the SSRNCCRNC (e.g-the-PCF), or report the lecationpositioning results
as determined by internal calculations of the LMU}. The details of the measurements to be made by the LMU will be
defined by the chosen LESUP method.

An LMU makes radio measurements to support one or more tecationpositioning methods. These measurements fall into
one of two categories:

(a) tecationpositioning measurements specific to one UE and used to compute its lecationposition;

(b) assistance measurements applicableto all UEsin a certain geographic area.

%%RN@WWMGSRNG{GQ—H&HQ—Q&—M%

There are two classes of LMU:

- Stand-Alone LM U: communicates with RNCs via the Uu accessed-over-the UTRAN-air-interface;

- Associated LM U: communicates with RNCs via aceessed-over the lub interface.
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The associated LMU signalling protocol isthe NBAP. The protocol for stand-alone LMU signalling has not been
defined yet.

NOTE 1: The stand-alone LMU signalling protocol could be, for example, RRC or LLP, but thisis still for further
study.

Stand-AloneLMU

A stand-alone LMU is accessed exclusively over the UTRAN air interface (Uu interface). Thereis no other connection
from the stand-alone LMU to any other UTRAN network element.

NOTE 2: Thisdoes not preclude a stand-alone LMU from also communicating with other access networks (e.g.
GSM) through interfaces that are not part of the present document.

A stand-alone LMU has a serving -Nede-BNode B that provides signalling access to itsa-contreting SSRNCCRNC. A
stand-alone LMU also has a serving 3G-MSC, VLR and a subscription profilein an HLR. A stand-alone LMU always
has a unique IMS| and supports all radio resource and mobility management functions of the UTRAN airradio interface
that are necessary to support signalling. A stand-alone LMU shall support those connection management functions
necessary to support LESUP signalling transactions with the SSRNCCRNC and may support certain call control
functions of to support signalling to an SSRNCCRNC using a circuit switched data connection.

NOTE 3: A network operator may assign specific ranges of IMSI for its LMUs and may assign certain digits within
the IMSI to indicate the associated S-RNCCRNC. Certain digitsin the IMSI may also be used as alocal
identifier for an LMU within an SSRNCCRNC.

To ensure that a Stand-alone LMU and its associated S-RNCCRNC can always access one another, an LMU may be
homed (camped) on a particular cell site or group of cell sites belonging to one 3G-M SC. For any Stand-alone LMU
with a subscription profile in an HLR, a special profile may be used to indicate the assigned supplementary services
(e.g. the SMS-PP MT for data download via the SIM application toolkit, and barring of all incoming and possibly
outgoing calls). Anidentifier in the HLR profile also distinguishes an LMU from anormal UE. All other data specific
toan LMU isadministered in the LMU and in its associated S-RNCCRNC.

Associated LM U

An associated LMU is accessed over the lub interface from an RNC. An associated LMU may make use of the radio
apparatus and antennas of its associated Nede-BNode B. The LMU may be either alogically separate network element
addressed using some pseudo-cell 1D, or connected to or integrated in a Nede-BNode B. Signalling to an associated
LMU is by means of messages routed through the controlling Nede-BNode B.

An associated LMU may be separated from the Nede-BNode B, but still communicate with the SSRNECRNC viathe
Nede-BNode B lub interface. The interface between the associated LMU and its Nede-BNade B is hot part of the
present document.

NOTE 4. An associated LMU is not precluded from also communicating with other access networks (e.g. GSM)
through interfaces that are not part of the present document.

M easur ements

The assistance measurements obtained by an LMU have-are generic and are usable by more than one
toeationpositioning method. These include:

- Radio Interface Timing measurements. include Absolute Fime Differences{ATDs) or Relative Fime
Differences{RTDs) of the signals transmitted by Nede-BNode B, where timing differences are measured relative
to either some Absolute Thime Difference{ATD) or the signals of another Nede-BNode B (RTD);

- Inter-System Timing measurements: include the Absolute Time Difference (ATD) or Relative Time
Difference between the UTRAN radio signal s transmitted by a Nede-BNode B and an external system such as
the GPS satellite navigation system or GSM.

554 UE
The UE mayinteracts with-the-measdrement-co-ordination-funetionsto-transmit the needed signals for uplink based

LESUP measurements and to make measurements of downlink signals. The measurements to be made will be
determined by the chosen teeationpositioning method.
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The UE may also contain LCS applications, or access an LCS application through communication with a network
accessed by the UE or an application residing in the UE. This application may include the needed measurement and
calculation functions to determine the UE's toeatienposition with or without assistance of the UTRAN LESUP entities.
Thisis outside of the scope of this specification.

The UE may also, for example, contain an independent toeatienpositioning function (e.g., GPS) and thus be able to
report its loeationposition, independent of the UTRAN transmissions. The UE with an independent lecationpositioning
function may also make use of information broadcast by the UTRAN that assists the function.

6 Signalling protocols and interfaces

NOTE: This clause describes the information flows, the detailed messages and protocols are described in other
clauses.

6.1 LCS signalling between SRNC and MSC/SGSN

LCS signalling between SRNC and MSC/SGSN is handled through the lu interface, which is described in clause
6.6.1.6:6:3:

6.2 SRNC signalling to a target UE

SRNC signalling to atarget UE is described in clause 6.6.4.1.

6.3 Controlling RNC signalling to a standalone LMU

Controting-RNCCRNC signalling to a standalone LMU is described in clause 6.6.4.2.

6.4 Controlling RNC signalling to an associated LMU

Controting-RNCCRNC signalling to an associated LMU is handled through the lub interface, which is described in
clause 6.6.3.6:6:1

6.5 RNC-to-RNC signalling for LEESUP support

The RNC-to-RNC signalling for EESUP support is handled through the lur interface, which is described in clause 6.6.2.

6.6 Interfaces

There are four interfaces through which the LESUP entities communicate. These are the I u, the-lur, lub and the-Uu.
NOTE: theinterfaces between the Internal or External LCS applications and the 3G-M SC or 3G-SGSN are
outside the scope of the present document.
6.6.1 lu Interface

The lu interface is used to communicate between the LCS functional entitiesin the Core NetworkCN and the LCSUP
entitiesin the UTRAN. Further specification of the messages and operations for LCS across the [u interface may be
found in reference [1].

6.6.2 lur Interface

LCSUP operations at the lur interface are defined in [14].
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The lur interface is used to communi cate between the LESUP functional entities associated with the serving
RNCSRNC and other RNC in the UTRAN. The lur interface is also used to communicate between the serving
RNCSRNC and the Internal LESUP Applicationsin the UTRAN. The LESUP entities associated with the serving
RNCSRNC areresponsible for co-ordinating and responding to positioningtecation regquests received from the LCS
entities in the core-networkCN or Internal Clients.

When communicating between the serving RNESRNC and the UTRAN Internal LESUP Applications{H-A), the
messages and protocols are the same as those used over the lur interface.

The lur interface is a so used to communicate between the LESUP Entities in the serving- SRNC and those in other
RNC. The leeationpositioning method, for example, may require measurements by several LMU or Nede-BNode B,
some of which may be associated with other RNC. Commands and responses from these LESUP Entities are
communicated over the lur interface. In some cases, the LESUP Entities in the serving RNCSRNC may make use of
entities associated with other RNC. For example, a calculating function {PCF} may be used in another RNC if the
serving-RNCSRNC istoo busy or does not contain the function or database information required by the chosen
leeationpositioning method.

lur shall be used for EESUP signalling whenever it is available, even in the case when the RNCs connected to different
3G-MSCsor 3G-SGSN.

Within UTRAN, lur supportsinter-RNC soft handover. Inter-RNC handover should also include LEESUP, meaning that
whenever an inter-RNC soft handover occurs, lur should be able to support the functionality of the LESUP entitiesin

RNCs.; including PCF, PRRM, PSMF, and LSOF.

In addition, in case of SRNC relocation lur should support the relocation mechanism in order for DRNC to be able to
handle the responsibility of SRNC in EESUP process.-Fhatis-te-transfer the PCF-PRRM-PSMEand-LSOF
funetionality-from-SRNC-to-DRNEC: |ur shall be used also to collect RTD and other LESUP information from base
stationNode Bs under different RNCs that are not involved in handover.

6.6.3 lub Interface
LECESUP operations at the lub interface are defined in [15].

The lub interface is used to communicate among the LESUP entities associated with the serving RNCCRNC, the Nede-
BNode B and the associated Location-Measurement-Units (LM U).

Thisinterface passes the request for measurements, the measurement results and requests for LESUP related
transmissions or other radio operations needed by the lecationpositioning method (e.g. broadcast of parameters needed
for a UE--based teeatienpositioning method).

6.6.3.1 Signalling between RNC and associated LMU

Signalling exchanges between an RNC and a LMU under the control of that RNC will be specified in the NBAP
protocol for associated LMUs.

The protocol layers employed to enable signalling between the RNC and an associated LMU are defined in [21]25.430.
The LMU signalling information elements are included directly in the NBAP protocol, defined in [15]25:433.

6.6.4 Uu Interface

LCSUP operations at the Uu interface are generally defined in [1]. This specification defines in more detail the
procedures needed for messaging for each individual teeationpositioning method.

The Uu interface is used to communicate among the LESUP entities associated with the RNC, the UEs and the stand-
alone Location-Measurement-Units(LMU) (the Uu interface is also used to communi cate between the LCS entitiesin
the eere-networkCN and the UE. Those communications are beyond the scope of this specification).
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Thisinterface may pass measurement requests and results to and from the UE or the stand-alone LM U.

The Uu interface may a so pass UPlecation requests from internal or external LCS Applications at the UE. Thisis part
of the NAS procedures and is outside of the scope of this specification.

The Uu interface may also be used for broadcast of information that may be used by the UE or stand-alone LMU for
their UPLCS operations. This may, for example, include timing and code information about nearby Nede-BNode B
transmissions that may assist the UE or LM U in making their measurements.

6.6.4.1 Signalling between S-RNESRNC and Target UE

LCSUP related signalling between an S-RNCSRNC and atarget UE is supported by the RRC protocol_as specified in
[19].

The leeationpositioning rRequest to UE signalling flow is generic for all UE--based or UE-assisted lecationpositioning
methods (OTDOA and Network--Assisted GPS).

SRNC UE

1. RRC Measurement Control

4. RRC Measurement Report

RRC Measurement Control

QRC M easurement Report

Figure 6.1: OTDOA /GPS LeeatienPositioning Message Flow

1. The S-SRNESRNC determines possible assistance data and sendsa MEASUREMENT CONTROL request to the
UE.

2. Provided that the UPleeation request meets the privacy criteria, the UE performs the requested measurements. |
the UE is able to calculate its own teeationposition, and this is requested, the UE computes a lecationposition
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estimate based on measurements. Any assistance data necessary to perform these operations will either be
provided in the MEASUREMENT CONTROL request or be available from broadcast sources. The resulting
measurements or teeationposition estimate are returned to UTRAN inaMEASUREMENT REPORT response.
If the UE cannot fulfil the request, aMEASUREMENT CONTROL FAILURE message is returned.

6.6.4.1.1 Assistance Data Delivery to UE

The assistance data signalling flow illustrated here is generic for UE--based loecationpositioning methods, including
OTDOA and Network-a-Assisted GPS. Note that if the assistance datais sent as part of a broadcast message, then no
assistance data acknowledgement is required.

SRNC UE

1. RRC Measurement Control

SRNC UE

RRC Measurement Control

Figure 6.2: OTDOA or GPS Assistance Data Delivery Flow

1. The S-RNCSRNC determines assistance data and sends it in the RRC MEASUREMENT CONTROL message
to the UE.

6.6.4.1.2 Error Handling
The error handling for signalling on the Uu interface is handled by the RRC protocol in [19].

6.6.4.1.3 Broadcast of Assistance Data

In the UE-b-Based OTDOA or Network-a-Assisted GPS methods, where the measurements and/or teeationposition
caculationisdonein the UE, UTRAN may broadcast assistance data-may-be-broadeast to the UE.

The assistance data to be broadcast for UE-b-Based OTDOA contains the-Relative Fime Difference(RTD) values (e.g.
in case of a non-synchronised network) and base statitonNode B co-ordinates. In addition, the broadcast data may
contain other information to simplify the OTDOA measurements. The length of the message depends on how many
neighbours are included in the assistance data. Part of the broadcast message (e.g. the serving and neighbour base
statienNode B geographic co-ordinates) may be ciphered.

The assistance data to be broadcast for assisted GPS contains DGPS corrections, ephemeris and clock corrections, as
well as almanac and other data. Part of the broadcast message may be ciphered.

The broadcast channel that is used for the OTDOA and GPS assistance data makes use of the common UTRAN
broadcast service.

6.6.4.1.4 Signalling Flow for Assistance Data Broadcast Using the Common UTRAN
Broadcast Service

The assistance data broadcast to UES can be signalled viathe RRC Measurement Control message as shown in
subclause 6.6.4.2 or it can be broadcast by the UTRAN within the system information.
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SRNC UE

SYSTEM INFORMATION

A 4

SRNC UE

SYSTEM INFORMATION

\ 4

Figure 6.3: Broadcast of system information

6.6.4.1.5 LCSUP Assistance Data Ciphering

To alow control of accessto the assistance data, parts of the broadcast assistance data may be ciphered. Ciphering is
done with a specific ciphering key delivered by the eere-networkCN for this purpose. The management of the key is
described in the System Aspects Stage 2 ([1]).

6.6.4.1.6 LESUP Assistance Data Ciphering Algorithm

The agorithm used for ciphering the UPLCS assistance data is the standard 56-bit Data Encryption Standard (DES)
algorithm.

The deciphering of broadcast assistance messages is done in the UESs. The deciphering will utilize the deciphering keys
delivered during the location update request. Details can be found in 3GPP TS 24.008.

The RNC ciphers the parts of the LESUP Broadcast Data message to be protected using the 56-bit DES algorithm and a
ciphering keys (56 bits) and Ciphering Serial Number (16 hits) for the broadcast |ocation area.

The ciphered part is variable in length with one bit resolution. By using the LESUP Broadcast Data message header, the
UEs can determine what part of message is ciphered.

Inputs to the 56-bit DES a gorithm are the following:
- 56-bit key K (deciphering key);
- 16-bit Ciphering Serial Number from broadcast message which is denoted here by IV (Initialization Vector);
- plain-text bits (the ciphered part of broadcast message).

The ciphering processisillustrated in the following diagram. Ciphering is done by producing a mask bit stream which
isthen "XORed" bit-by-bit to the plain-text datato obtain the cipher-text data. First, the Initialization Vector (1V) is
concatenated with 0-bits in order to achieve a 64-bit block I,. This block is then encrypted by the DES agorithm using
the key K. Output is a 64-hit block I,. This constitutes the first 64 bits of the mask bit stream. If the message is longer
than 64 bits, then more bits are needed. These are produced by encrypting |, again by the DES algorithm using the key
K. The output is a 64-bit block I5. Thisisthe next 64 bits of the mask bit stream. Thisiteration is continued until enough
bits are produced. The unnecessary bits from the last 64-bit block I; are discarded. The figure below illustrates the first
two mask bit generations and the two ciphered 64-bit blocks.
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Figure 6.4: Data Assistance Ciphering Algorithm

Deciphering is done similarly. The same mask bit stream is produced and these are XORed, bit-by-bit, to the cipher-text
data bits. The result will be the plain-text data.

6.6.4.2

Signalling between RNC and stand-alone LMU

The use of stand-alone LMUs is FFS. If it is decided to have stand-alone LMUs in the standard, the signalling will be
performed with the new protocol LLP. If no need is seen for the stand-alone LM Us the LLP protocol will not be defined
and it will be removed from 25.305.

The following figuresillustrate the protocol layers used to support signalling between an RNC and a Stand-Alone LMU

over the Uu interface.
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6.6.4.2.1 Signalling using a signalling bearer
LLP < > LLP
[ |
RRC (Direct [ — RRC (Direct
Transfer) Transfer)
RLC |« »| RLC
MAC | 4 p| MAC
L1
<+—> < p L1
tand-doneLmy - NoweB SRNC

Figure 6.5: Signalling between an RNC and a Stand-Alone LMU using a signalling bearer

6.6.4.2.2 Signalling using a radio bearer
LLp | * —»> LLP
RLC |« » RLC
MAC | 4 »| MAC
L1
<+—Pp < » L1
SanddoneLmy - NodeB SRNC

Figure 6.6: Signalling between an RNC and a Stand-Alone LMU using a radio bearer

7 General UTRANUMTS lecatierUP procedures

7.1 General procedures in UTRAN for network-UPlocation
procedures

The Genera network-toeation-UP procedure in UTRAN starts with arequest over lu from the CN. UTRAN then
determines the UE positionteeation by selecting a suitable tecatienpositioning method. UTRAN then responds to the
reguest with the estimated lecation-position and possible an associated accuracy.
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7.2 Common procedures to support access to a LMU

NOTE: 7.2 and 7.3 will be considered if stand-alone LMUSs are included.

7.3 Common control procedures for LMUs
7.3.1 Reset procedure
7.3.2 Status query procedure

7.3.3 Status update procedure

7.4 Common procedures supporting EESUP interaction
between RNCs

In the case that LCSthe positioning information is needed from an associated LMU in a Node B that is not controlled by
the SRNC then the transfer of this information transfer-is-needsed- to be supported on the lur interface. Thisinformation
isthe same information that is signalled between an associated LMU and the corresponding eentretiing CRNC in the
case when lur support is not needed.

The SRNC requests the information it requires (e.g. GPS timing of cell measurements) from the CRN Ceentroting-RNC
of the Node B which has the associated LMU. The CRN Ceentrolting-RNE in turn requests the information from the
Node B and upon success returns the results to the SRNC.

Similarly when the SRNC needs a Node B measurement on a UE when that Node B is hot controlled by that SRNC
there needs to be support on the lur. One example isthe RTT measurement.

Other information that may need to be signalled over the lur includes LMU parameters (geographical position, covered
cellsetc.).-NOTE: Confirmation or FSis needed by R3 experts.

NOTE: LCESUP during SRNS relocation isunclear.

7.5 Exception procedures

7.5.1 Procedures in the SRNC

When a teeatienpositioning attempt fails due to failure of a position method itself (e.g. due to inaccurate or insufficient
position measurements and related data) and the SRNC is unable to instigate another positioning attempt (e.g. dueto a
requirement on response time), the SRNC may return a Location response over the lu interface containing aless
accurate tecation-position estimate. If aless accurate estimate is not available or will not meet the accuracy requirement,
the SRNC may instead return a Location response message containing no teeation-position estimate and indicating the
cause of failure.

NOTE: Need to check that Iu has enough flexibility

When a teeatienpositioning attempt is interrupted by some other unrecoverable error event inside the SRNC, the SRNC
shall immediately terminate the tecationpositioning attempt and return a Location Response message containing the
reason for the lecationpositioning attempt cancellation. In that case, any dialogue previously opened with an LMU for
the purpose of instigating position measurements for the UE being located may also be aborted by the SMLC.

7.5.2 Procedures in a LMU

An LMU shall return an error indication to its CRN Ceontroting-RNC when toeationpositioning measurements
previously ordered by the RNC cannot be provided due to any error condition.
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7.5.3 Procedures in the target UE

A target UE shall terminate any positioning procedure or the transfer of RRC positioning assistance data without
sending any response to the SRNC if any LESUP RRC message is received from the SRNC that starts some other RRC
management procedure. The new RRC procedure shall then be executed by the UE.

7.6 Radio interface timing procedures

The Radio Interface Timing determination system consists of functionsin LMUs and in the SRNC. The system runs
continuously offering cell timing information for UPmebile-stationtocation.

7.6.1 LMU Functions

The Radio Interface Timing functionality in the LM U should be capable of performing the following functions:
- The LMU performs necessary airradio interface measurements from signals transmitted by Node Bs
- If the LMU contains a common reference clock, e.g. GPS TOW, it time stamps reception of Node B signals.

- If thereis no reference clock available, the LMU may make RTDRelative Fime Difference measurements, i.e.
measures the time difference between arrival of SFNs

- The LMU may perform some processing of measurements, like averaging and filtering, using parameters
delivered to it, or in their absence using default settings

7.6.2 CSRNC Functions

The CSRNC must be capable of performing the following functions related to Radio Interface Timing determination:

- The CSRNC sendsto LMUs requests for Radio Interface Timing measurement information.

- The CSRNC will communicate regularly with LM Us; thus, the CSRNC can monitor operation of LMUSs. If a
LMU failsto send Radio Interface Timing information, the CSRNC shall try to restart the LMU, and if this
restarting fails, the CSRNC shall inform O&M system. CSRNC can use al so diagnostics messages to query the
status of LMUs.

- The CSRNC receives Radio Interface Timing measurement results from LM Us.

- The CSRNC stores or queries extrainformation required for Node B synchronization determination, like base
stattenNode B and LMU coordinates, Node B identity information.

- The CSRNC determines synchronization differences between different downlink signals using LMU
measurements and other information.

- Synchronization information is delivered for UPUElecation purposes.

7.6.3 LMU-CSRNC Interactions

The request for Radio Interface Timing measurement information from the CSRNC to a LMU contains the following
parameters:

- Measurement type. This indicates whether the CSRNC wants the LMU to perform Abselute Fime Difference
{ATD} (e.g. GPS time stamp of signal) or Relative Fime Bifference{RTD) measurements.

- Measurement result reporting frequency. This indicates how often the LMU should send Radio Interface Timing
measurement results.

- Measurement duration. This indicates how long the LMU should make measurements and report results.

- Instructions about filtering of raw measurement data.
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- Instructions about Primary CPICH signals to be measured. The LMU unit can measure autonomously a certain
number of most strongly received signals. Another possibility is that the CSRNC tells which Node B signals it
should measure.

- Inthe RTD case, which common Primary CPICH the LMU should use as a reference in the measurements.
- Instruction of how the measurement quality should be reported.
The Radio Interface Timing measurement response from a LMU to the CSRNC contains:
- ldentity of the Node B at which the asssociated LMU isresiding
- Primary CPICH info of the measured signals.

- If the LMU can perform ATD measurements, and it is requested to do them, the ATD measurements of the
requested CPICH signalsis returned.

- If the LMU can perform RTD measurements, and it is requested to do them, the RTD measurements of the
requested CPICH signalsis returned.

- The SFN of the last frame measured, for each measurement.

- Thequality of each measurement, according to the requested quality type

8 Cell ID based lecationpositioning method

Inthe Cell ID based method, the SSRNESRNC determines the identification of the cell providing coverage for the target
UE. This subsection outlines the procedures for this teeationpositioning method. Sub-section 8.1 provides procedures
for the determination of the cell 1D depending on the operational status of the target UE. Sub-section 8.2 discusses the
relation between the LCS location service and the Support of Localised Service Area (SoLSA) feature. Sub-section 8.3

provides a procedure for the mapping of the Cell ID to a corresponding Service-Areatdentifier{SAI} to be returned to
the LCS application in the core-networkCN. The general flow to determine the cell 1D is shown in figure 8.1.

UE | LMU | | Node-B | | SRNC|
Beguest to locate UE

| UE is in a Cell_DCH, Cell_PCH, or Cell FACH State !
RTT Request

RTT Measurement

UE is in a state when there is no cell ID available (for
exanjple in URA_PCH, idle mode)

‘ Forcedlstate transition (e.g. by haging)

State transition )

- cell_ID to the cell |
. coverageor |
Service Area

Figure 8.1: Cell ID Based Method

8.1 Cell ID determination

| Inorder for the SRNCSRNC to determine the cell ID when an LCSUP request is received, additional operations may
be needed depending on the operational status of the UE.
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Figure 8.1 illustrates the procedure for the cell ID based tecationpositioning method when the UE isin different RRC
states. When the LCS request is received from the eere-retworkCN the S-SRNESRNC checks the state of the target UE.
If the UE isin a state where the cell 1D is available, the target cell 1D is chosen as the basis for the UPJEecation. In
states where the cell ID is not available, the UE is paged, so that S-RNESRNC can establish the cell with which the
target UE is associated. In order to improve the accuracy of the LCS response the SSRNESRNC may also request RTT
or RX Timing Deviation measurements from the Node B or LMU associated with the cell ID. The SSRNESRNC may
also map the cell ID to a corresponding Service-Areatdentifier{SAl) to match the service coverage information
available in the core-networkCN.

The cell 1D based method shall determine the teeationposition of the UE regardless of the UE RRC mode (i.e.
i RA_PCH - DCH e ACH ce es ton—i

connected or idle).state Ater-system-modes;
comellesopidleprede

8.1.1 UE Cell ID is not known

For UE for which the cell ID is not known at the time the LESUP request is received at the SSRNESRNC, the UE may
be paged to locate its current cell ID. If the UE isin an idle mode and thereis a need for it to be paged, then the paging
may beinitiated either by the esre-retwerkCN or by the S-RNESRNC in the UTRAN-aceess-hetwork. For example, the
UE can be forced to perform atransition to a Cell_FACH state to define the cell 1D of its current cell.

If the UE isin an idle mode, Cell-PCH-state-or in any-ether a RRC connected state when there is a need to page for the
UE to obtain the cell ID, the Cere-NetworkCN may initiate paging, authentication and ciphering, as specified in [22]FS
23174,

Alternatively, the cell ID may be determined as the one that was used during the last active connection to the UE. This
determination should be accompanied by the time-of-day of the last connection in the cell.

8.1.2 UE Cell ID is known

8.1.21 UE not in Soft handover

The cell ID may be determined as the cell that is providing an active connection for the UE at the time of receiving the
LCSUP request at the SSRNCSRNC.

8.1.2.2 UE in Soft handover

In order for the SSRNCSRNC to provide the geographical co-ordinates of atarget UE in soft handover, the S-
RNESRNC combines the information about all cells associated with the UE.

In soft handover, the UE may have several signal branches connected to different cells, reporting different cell IDs. A
reference cell ID may be determined by the S-RNESRNC based on the coverage area of each cell. The reference cell 1D
may be selected based on one or more of the following principles:

- thecell ID may be selected based on the parameters defining the quality of the received signal branches. That is,
the cell 1D with the best quality signal branch is selected as the reference cell ID;

- thecell ID may be selected that was used during connection set-up between the UE and the serving Node B;
- thecell ID of the cell most recently associated with the UE may be selected;;

- thecel ID of thelatest "new" cell that the UE has started to receive, but has not yet been handed over to may be
selected;

- thecell ID may be selected as the cell to which UE has the shortest distance (to the Noede-BNode B site);

- thecell ID may be selected as the cell that provides an active connection for the UE at the time of receiving the
LECSUP request at the SSRNCSRNC.

The selection may also be based on RTT measurements-of-Reund-TFrip-TFimne, power levels and received signal strengths
in UE and related Node B or LMU.
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Other relevant mechani sms such as tdle-Period-Downlink,(IPDL) or SSDTSite Selection-Diversity-Transmit power
control-(SSBT) should a so be taken into account when applying the cell 1D selection procedure for UE in a soft

handover mode.

8.2 Localised Service Area

The Support of Localised Service Area (SoLSA) feature is quite close to the location service in principle, but SOLSA is
based, for example, on cell radio retweork eell-coverage and cell configuration. SOLSA has been standardised in GSM
and is being developed for UTRAN. Some SoL SA service features like Exclusive Access and LSA only Access may be
less applicablein UTRAN due to the 1 frequency reuse.

It should be noted that the Service Area concept described in this specification is different from the Localised Service
Area concept defined for SOLSA.

8.3 Mapping the Cell ID to Geographic Co-ordinates or a
Service Area

A UTRAN cell ID should be mapped to geographical coordinates or a Service-Areatdentifier{SAl}) before being sent
from UTRAN to the core-networkCN. The Service Area ldentifier may include one or severa cells. The mapping may
be accomplished either in the SSRNESRNC, in a Network Management System (NM-S, including Network Management
Unit,-NEMU) or by co-operation of various access network elements.

The eere-networkCN may request the geographical co-ordinates or the SAI, or both for the target UE. The SAI may be
used for routing of corresponding Emergency calls, or for CAMEL servicesto correspond to the usage of Cell ID inthe
core network of GSM. However, the MSC shall not send the Service Arealdentity to GMLC.

Although the mapping of the cell(s) associated with the target UE into geographical co-ordinates by the S-SRNC is not
standardised, the response to the eere-networkCN location request with geographical co-ordinates shall be as defined in
[20]FS23:032.

It should be noted that the Service Area concept is different from the Localised Service Area concept used for SOLSA
services.

In order to determine a cell coverage estimate and to map it to the geographical coordinates or Service Area parameter
Identity, the SRNCS-RNC may use parameters such as the best reference signal, Reund-Frip-Fime{RTT) in FDD [17]
or Rx Timing Deviation [18] and knowledge of the UE timing advance in TDD, as well as antenna beam direction
parameters.

Alternatively, the service area coverage of a cell may be determined by using areference signal power budget. Based on
the reference signal power budget it is possible to obtain, for example, the base stationNode B transmitted power,
isotropic path loss, coverage threshold at coverage area border for a given location probability, and a cell radius for an
indoor and outdoor coverage.

The SRNCS-RNE may use areference signal link budget based cell radius estimate, in conjunction with the cell
identifier, to make a coverage estimation for the cell(s) related to the target UE.

Additionally, the SRNCS-RNC may compare the received power levels with the power budget, whereby more accurate
information of the leeationposition of the UE may be provided.

Also, the interaction between neighbouring cell coverage areas may be used to determine a more exact UPlocation-of
the UE.
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9 OTDOA lecationpositioning method

The primary standard OTDOA measurement is the " SFN-SFN observed time difference” observed at the UE (see[17]
and [18]). These measurements, together with other information concerning the surveyed geographic tecationposition of
the transmitters and the relative time-difference (RTD) of the actual transmissions of the downlink signals may be used
to calculate an estimate of the leeationposition of the UE. Each OTDOA measurement for a pair of downlink
transmissions describes a line of constant difference (a hyperbola (see note 1)) along which the UE may be located. The
UE's leecationposition is determined by the intersection of these linesfor at least two pairs of base stationNode Bs. The
accuracy of the leeationposition estimates made with this technique depends on the precision of the timing
measurements, the relative teeationposition of the base-stationNode Bs involved (see note 2), and is aso subject to the
effects of multipath radio propagation. Thisisillustrated in the figure 9.1.

NOTE 1: Thisisredly afigurein three dimensions, a hyperboloid. For convenience here, thiswill be simplified to
the hyperbola representing the intersection of this surface with the surface of the earth. For location
service in three dimensions the hyperboloid must be considered.

NOTE 2: The geometry of the basestatienNode B teeationpositions may affect the accuracy of the leeationposition
estimate. The best results are when the base stationNode Bs equally surround the UE. If they do not, there
isareduction in accuracy, which is sometimes termed the Geometric Dilution of Position (GDP).

The primary OTDOA measurements (made by the UE) are sent to the Pesition-Caleulation-Function{PCF)-in-the

serving SRNC. These measures are sent viasignalling over the Uu,_lub (and lur) interfaces between the UE and the
SRNCHPCF). The calculation function makes use of the measurements, the known tecationpositions of the transmitter
sites and the RT Drelative time-difference of the transmissions to estimate the UE's leeationposition.
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Figure 9.1: OTDOA LeecationPositioning Method

The OTDOA method may be operated in two modes: UE--assisted OTDOA and UE--based OTDOA. The two modes
differ in where the actual teeationposition calculation is carried out.

-In the UE--assisted mode, the UE measures the difference in time of arrival of several cells and signalsthe
measurement results to the network, where the SRN Ca-network-element-(the Position-Caledlation-Funetion-(PCF))
carries out the leecationposition calculation.

-In the UE--based mode, the UE makes the measurements and also carries out the locationposition calculation, and thus
requires additional information (such as the teeatienposition of the measured base stationNode Bs) that is required for
the lecationposition calculation.

-The signalling requirements for the two OTDOA modes are described in atater subclause 9.6. -Asthe LESUP involves
measurements, there is always uncertainty in the results. Physical conditions, errors and resolution limitsin the
apparatus all contribute to uncertainty. To minimise the uncertainty in the LESUP result, it isimportant that as many
measurements of OTDOA (and assistance dataas RTT in FDD and Rx Timing Deviation in TDD) as are possible for a
UE are provided to the UE-PCF. Thusit isimportant that the standard UP method fer-LCS not be restricted to rely on a
single measure. The UE thus provides SFN-SFN observed time difference measurements for as many cells asit can

receive. The cells to be measured shall include those in the “eel-reselection-and-menitoring-set-and-these-thr-the “eelt
selection-set™-active set and the monitored set.

3GPP



Release 1999 38 3GPP TS 25.305 V3.3.0 (2000-09)

In order to support the OTDOA method, the lecationpositions of the UTRAN transmitters needs to be accurately known
by the calculation function in SRNC (for UE-assisted method) or UE (for UE-based method)(PCF}. This information
may be measured by appropriate conventional surveying techniques (see note 3). The surveyed tecationposition should
be the electrical centre of the transmitting antenna (and not the teeationposition of the radio equipment building). The
use of antenna diversity, beamforming or beam steering techniques may cause the effective antenna lecationposition to
change with time and thisinformation is also wi-needed to perform te-be-eommunicated-to-the PCFto-assist-with-its
calculations. The methods of measuring the tecationposition of the UTRAN transmitters are outside the scope of the
present document.

NOTE 3: These surveying methods may, for example, make use of a GPS receiver.

In order to support the OTDOA method, the relative time difference (RTD) of the DLdewntink transmissions must also
be known to perform the cal cul ationby-the ealeulationfunction-{PCF). If the UTRAN transmitters are unsynchronised,
the RTD will change over time as the individual clocks drift. Thus, measurements of RTD may need to be made
regularly and the calculation function updated appropriately. The measurement of the RTD is outside the scope of the
present document (see note 4).

NOTE 4: One convenient method is to make use of an LMU at a fixed lecationposition. This unit measures the
observed time differences of all the local transmitters-and-repertstheseto-the- PCF. These measures may
then be converted (trandated) into the actual (absolute) relative time difference for each of the
transmitters by making use of the known leeatienposition of the LMU and the transmitters.

In some conditions a sufficient number of cells may not be available for measure at the UE. This may occur, for
example, if the UE islocated quite close to the UTRAN transmitter and its receiver is blocked by the strong local
transmissions. Thisis referred to as the "hearability” problem.

9.1 Use of Idle Periods (FDD only)

Forrealising-Ltocation based services needs the support of physical layer asis a prerequisite, so that the measurements
required for the UE positionterminal-toecation calculation can be carried out. In UTRAN there are several factors that
must be taken into account while considering the physical layer procedures related to location services:

- hearability: abasic consequence of a CDMA radio systemis that aterminal near its serving basestatitonNode B
cannot hear other base-statitonNode Bs on the same frequency. In order to calcul ate its positiontermina-tocation
the UEterminal should be able to receive at least three basestationNode Bs. To facilitate this some special means
are required;

- asynchronous network causes significant uncertainty to the time-difference-of-arrival (TDOA) measurements.
To compensate for the effects of this, the relative time difference (the synchronicity) between base-stationNode
B transmissions must be measured, and used for correcting OTDOA measurement;

- capacity loss: signalling related to lecationposition cal culation may take capacity from other services. This
capacity loss should be minimised.

Based on the results of the work-donein ARIB-SWG2/ST9(see reference [21}[23]) a solution for the above mentioned
hearability problem is the |PDL-{+ele-Period-Bownkink) method. In this method each basestationNode B ceasesits
transmission for short periods of time (idle periods). During an idle period of a base stationNode B, terminals within the
cell can measure other base-stationNode Bs and the hearability problemis reduced. Also, during idle periods the real
time difference measurements can be carried out. Because the IPDL method is based on ferware-Hnk-(downlink) the
location service can be provided efficiently to alarge number of terminals simultaneously.

The specification and operation of the IPDL technique are provided in the following subclause.

9.1.1 Operation and specification of idle periods
The operation and specification of idle periods can be found in FS-25:214(reference[16]).

9.2 Relative Time Difference (RTD)

In order to calculate the estimate of the loeationposition of the UE, the calculation function needs to know:
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- the OTDOA measurements;
- the surveyed geographic teeationpositions of the base-statitonNode Bs that have had their signals measured; and

- the actual relative time difference between the transmissions of the base stationNode Bs at the time the OTDOA
measurements were made.

The accuracy of each of these measurements contributes to the overall accuracy of the loeationposition estimate. The
measurement of the RTD is described in the following.

There are several approachesto determining the RTD. Oneisto synchronise the transmissions of _Node Bthe-base
stations. In this technique the RTD are known constant val ues (see NOTE) that may be entered in the database and used
by the calculation function when making a lecationposition estimate. The synchronisation must be done to alevel of
accuracy of the order of tens of nanoseconds (as 10 nanoseconds uncertainty contributes 3 metres error in the
leeationposition estimate). Drift and jitter in the synchronisation timing must also be well controlled as these also
contribute uncertainty in the teeationposition estimate. Synchronisation to this level of accuracy is currently only
readily available through satellite based time-transfer techniques. Generally in the TDD operating mode, the base
stattenNode Bs are synchronised.

NOTE: Thetransmission times may all be aligned to a common reference (such as UTC) in which case all RTD
have a common value. However, in amore general case the transmissions may have a fixed offset with
reference to UTC, and thus the RTD values are non-zero and may be stored in the database for use by the
calculation function.

Alternatively (typically in FDD mode), Node Bsthe-base-stations may be left to free run within some constraint of
maximum frequency error. In this scenario, the RTD will change (slowly) with time. The rate of change will depend on
the frequency difference and jitter between base stationNode Bs. If, for example, the maximum frequency difference
between two base statienNode Bs is +10°, then the start of transmission of a 10 millisecond code sequence will drift
through a cyclein about 1 390 hours (or 57 days). With this relatively slow rate of drift the RTD can be measured by
fixed LMUs units at known teeationpositions {these-are LMUsLocation-Measdrement-Units) and stored in the database
for use by the calculation function. Thejitter and drift of the individual oscillatorsin each base stationNode B may
cause the change of timing to slow, remain constant or reverse direction over time. Ongoing measurements of the RTD
may be made to assure the most current values are available for the calculation function. The RTD measurement units
may be co-located with the base-stationNode Bs or installed at other convenient lecationpositions in the UTRAN
coverage area, and report their results through the UTRAN signalling-channels.

9.3 Time of Day (ToD)

If there are frequency drifts between the (unsynchronised) Node Bs, as noted in the-previeus-subclause 9.2, the OTDOA
measurements must be reported together with the time-of-day they were made (timestamp). Thisis necessary so that the
appropriate value of the RTD may be used by the calculation function.

In order to assure less than a 20 nanosecond uncertainty in the RTD value, the time of day must be known to better than
10 seconds (if the maximum frequency difference between the base stationNode Bsis +10°). The method by which the
ToD is measured is the system the frame number, which provides a 10 millisecond resolution and can be unambiguous
up to 40.95 seconds.:

9.4 Node BBase-Statienr Synchronisation

It is preferable that the teeationpositioning methods do not require the base-statienNode B retwerk to be synchronised.
The needed level of synchronisation accuracy for LESUP is not by any means straightforward to achieve. The
necessary information of Relative Fime Differences{RTD) between base stationNode Bs can be measured by dedicated

wnits-(LMU;-Lecation-Measurement-Unit) and distributed in the network (e.g. as broadcast information). Also, the
measurements of RTD may benefit from the tete-Period-Bownkink-(IPDL) option.

In the TDD operating mode the base stationNode Bs will typically be synchronised and this may be of assistance to the
EESUP technique.

9.5 OTDOA-IPDL and OTDOA Modes

There are two modes of operation for the OTDOA-IPDL and OTDOA methods.
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-In the UE--assisted mode, the UE measures the difference in time of arrival of several cells and signalsthe

measurement results to the network, where thea netweork-element (the Position-Caledlation-Funetion(PCF)) SRNC
carries out the leeationposition calculation.

-In the UE--based mode, the UE makes the measurements and al so carries out the location calculation, and thus requires
additional information (such as the feeatienposition of the measured base stationNode Bs) that is required for the
toeationposition calculation. Thisinformation is provided by the System Information Broadcast Loeation-System

InfermationFunction-(LSH).

Table 9.1 lists the required information for both UE--assisted and UE--based modes. The required information can be
signalled to the UE either in a broadcast channel or partly also as dedicated signalling.

Table 9.1: Information required for UE--assisted and UE--based OTDOA- IPDL and OTDOA in the
UTRAN (LSIF) to UE direction ("Yes’ =information required, 'No’ = Information not required)

Information UE- UE--based
assisted
Intra frequency Cell Info (neighbour list)- Yes Yes
Ciphering information for LESUP (see note) No Yes
Measurement control information (idle period locations) | Yes Yes
Sectorisation of the neighbouring cells No Yes
Measured RTD values for Cells mentioned at Intra No Yes
frequency Cell Info
RTD accuracy No Yes
Measured roundtrip delay for primary serving cell No Yes
Geographical feeationposition of the primary serving No Yes
cell-
Relative neighbour cell geographical lecatiorposition No Yes
Accuracy range of the geographic leeationposition No Yes
values
NOTE: The idea behind LESUP specific ciphering information is e.g. that the
operator can sell information that the UE needs for calculating its
lecationposition. For reference in the GSM world see [3].

The information required from UE to UTRAN-(PSMFPCF) islisted in table 9.2.

Table 9.2: Information required for UE--assisted and UE--based OTDOA- IPDL and OTDOA

in the UE to UTRAN (PSMF/PCF) direction

Information UE- UE--based
assisted
OTDOA measurement results Yes No
OTDOA measurement accuracy Yes No
UE geographical leeationposition No Yes
LeeatienPosition accuracy indicator (based on the No Yes
signalled and measurement accuracies)

9.6 OTDOA network leeationpositioning procedures

The following diagram illustrates the operations for the OTDOA _method for ~-ESSUP when the request for
I-GGaI-I-GHQOSIIIOI’]I ng mformanon is mmated by an LCS appl |cat|on sgnanedrfrom the GeFeNetweFkCN —Asiehese

Thisillustration only includes the information flow related to UPLES operations and does not indicate other operations
that may be required, for example, to establish a signalling connection between the UE and the SRNC. Also not

illustrated is the signalling used to initiate the location service request (from-the Location-Client-Function) from the
CoreNetworkCN or a UE--based application.
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Figure 9.2: OTDOA Signalling Operations

I | LCS response

The operation begins with an authenticated request for positioning information about a UE from an application

in the CN being received at the SRNC. The SRNC considers the request and the UTRAN and UE capabilities.

The SRNC requests from the UE the measurement of the OTDOA for the signalsin the active and

3.

neighbourhood sets. These measurements may be made while the UE isin the idle state or while it is connected.

If it is considered advantageous to do so, the SRNC requests the UE Rx-Tx timing difference information from

the UE.
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4. The UE returns the OTDOA measures to the SRNC. The SRNC receives the OTDOA information and co-
ordinates obtaining other information to support the calculation request.

5. The UE returns the UE Rx-Tx timing difference information to the SRNC, together with a time stamp of when
the value was obtained.

6. If there areinsufficient OTDOA measures, or it is otherwise considered advantageous to do so, the SRNC
requests the RTT measure for the UE from the serving Node B.

7. The SRNC requests the RTD measures for the associated transmitters from the associated database. These may
be stored locally if they are constant over time, otherwise they must be updated to represent the RTD timing at
the time-of-day the OTDOA measurements were made.

8. The Node B returnsthe RTT measures to the SRNC if they were requested.

9. The SRNC using the OTDOA, RTD and, if necessary, RTT information performs a position calculation. The
calculation may include a co-ordinate transformation to the geographic system requested by the application. The
position estimate includes the position, the estimated accuracy of the results and the time of day of the estimate.

10. The SRNC passes the position estimate to the CN.
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10 Network--assisted GPS lecationpositioning 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; tecationpositioning assistance messages are obtained via UTRAN so the UE
GPS can operate adso in low SNR situations when it is unable to demodulate UE GPS signals;

- dlow the UE to consume less handset power than with stand-alone GPS ; thisis due to rapid start-up times as the
GPS can bein idle mode when it is not needed.

The Network--assisted GPS methods rely on signalling between pessibhy-reduced-complexity-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.
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Figure 10.1: Network--assisted GPS methods

10.1  Timing calibration

Timing calibration is achieved by using UE or UTRAN GPS timing measurements as specified in [17].
10.2  Timing assistance

The UTRAN may derive the estimated UE lecationposition using UTRAN (eg-Cell-tD-or-HPDL)-parameters (eg. Cell-
ID or IPDL) and may use thisinformation, in conjunction with satellite specific ephemeris data received from the GPS
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reference receiver network, to derive the estimated times of arrival (code phases) for equivalent GPS satellite signals
received by the UE-based GPS receiver functionality. The estimated code phase data may be conveyed, together with
Tutran-cps (8s specified in [17] and [18]), 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 timing calibration and initial
leeationposition determination methods used.

10.3 Data assistance
The UE may receive GPS information through the UTRAN airradio 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
toeationpositioning 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 afew 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 tecationposition calculation; e.g. reference time, reference lecationposition, 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.

If DGPS s utilised, then differential corrections may also be transmitted. If Selective Availability isturned off, these
corrections can be valid for afew minutes or more. The DGPS datais valid for alarge geographical area, so one
centrally located reference receiver can be used to service this large region.

10.4 UE search

Provided that timing and/or data assistance is available in the UE they should be applied in the GPS signal search
procedure. UE search procedure involves a three-dimensional search for a satellite PRN-{pseudorandom) code, time of
arrival of asignal and the associated carrier Doppler.

"Modulation wipe-off" is defined here to mean aremoval of the GPS navigation data bit modulation to GPS signals
received at the UE, through the application of UTRAN timing and data assistance provided from the UTRAN to the UE.
This process allows the UE to coherently integrate received GPS signals beyond 1 data bit period (i.e., 20 milliseconds).

10.5 LocationPosition determination

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

Compuitation of the teeationposition fix can either be performed in UTRAN (i.e. SRNC) for the-netwerk-tafrastructure
{UE-assisted) or in the UE for {UE-based).

10.5.1 UE-based method

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

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

The following information may be signalled from the UTRAN {LSH) to the UE:
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number of satellites for which assistance is provided;

reference time for GPS (T ytran-cps) (Specified in [17] and [18]);

3-d reference toeationposition (specified in [17]);

ionospheric corrections;

satellite ID for identifying the satellites for which the assistance is provided;

ephemeris and clock corrections to accurately model the orbit of the particular satellite and information when
this becomes valid;

UTC offset;

DGPS corrections;

almanac data;

real-time integrity (e.g., alist of unusable satellites).

The following information may be signalled from the UE to the UTRAN {LSHF):

reference time for GPS (specified in [17] and [18]);

serving cell information;

Latitude/L ongitude/Altitude/Error ellipse;

velocity estimate of the UE;

satellite ID for which the measurement datais valid;

Whole/Fractional chips for information about the code-phase measurements,
C/No of the received signal from the particular satellite used in the measurements;
Ddoppler frequency measured by the UE for the particular satellite signal;
pseudorange RM S error;

multipath indicator.

10.5.2 UE-assisted method

In the UE-assisted method, the UE employs areduced complexity GPS receiver functionality. This carries out the
| pseudorange (code phase) measurements. These measurements results are signalled, using RRChigher-tayer signalling,
| to UTRAN (i.e. SRNC)the specific-network-element that estimates the lecationposition of the UE and carries out the

remaining GPS operations. In this method, accurately timed code phase signalling (as specified in [17] and [18]) is
required on the downlink. If DGPSis 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 tecationposition accuracy
without extra signalling to the UE.

The following information may be signalled from the UTRAN {LSH-) to the UE:

number of satellites for which assistance is provided,

reference time for GPS (Tyrran-cps) (Specified in [17] and [18]);

satellite ID for identifying the satellites for which the assistance is provided;
doppler (0™ order term);

Doppler Search Window width;

Ddoppler (1% order term);

code phase;

code phase centre and Search Window width;

ephemeris,

azimuth;
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- ¢elevation.
The following information may be signalled from the UE to the UTRAN (LSH):
- referencetime for GPS (Tye.gps) (Specified in [17] and [18]);

- number of Pseudoranges,
- SVID;

- satellite C/No;

- doppler;

- satellite Code Phase;

- multipath indicator;

- pseudorange RMS Error.

Additional parameters, such as round trip time (RTT) in FDD or Rx Timing Deviation in TDD, UE receiving
transmitting time (UE Rx-Tx), SFN-SFN observed time difference and CPICH Ec/No, may be used to improve the
performance of UE-assisted GPS. All the additional parameters are defined in [17] and [18] and can be made available
through RRC signalling. Furthermore, to those UE technologies requiring externally provided sensitivity and time
aiding data, some navigation bits may be sent from UTRAN to UE for sensitivity assistance and time recovery.

1112 Information storage

NOTE  Thisclausejust outlines the information that may need to be stored in the UTRAN LESUP elements{(U-
LCF-U-PSCFU-LSCF,-UE-€te)-that may need to be standardised (if any).
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Annex A (informative):
Definitions and Terms

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

CAMEL: CAMEL isanetwork functionality, which provides the mechanisms of Intelligent Network to an UE-mebile
user.

Current Location: after alocation attempt has successfully delivered alocation estimate and its associated time stamp,
the location estimate and time stamp is referred to as the current location’ at that point in time.

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

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 estimatesits
own location based on the observed times of arrival of the satellite signals.

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

Initial Location: in the context of an originating emergency call the location estimate and the associated time stamp at
the commencement of the call set-up isreferred to asinitial location’.

Last Known Location: the current location estimate and its associated time stamp for Target MSUE stored inthe LCS
Server isreferred to as the 'last known location’ and until replaced by a later location estimate and a new time stamp is
referred to as the 'last known location’.

LCS (LoCation Services): LCSisaservice concept in system (e.g. GSM or UMTS) standardisation. LCS specifies al
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.

L CS Client: asoftware and/or hardware entity that interacts with a LCS Server for the purpose of obtaining location
information for one or more UEsMeobite Statiens. 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 UEMoebiHe Station{(M-S).

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

L CS Client Subscription Profile: acollection 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.

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

L CS Server: asoftware and/or hardware entity offering LCS capabilities. The LCS Server accepts requests, services
reguests, 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: aservice, 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.

L ocation (/location detecting): location is afunctionality, which estimates a geographical location (of e.g. a UE-mebite
terminal).

L ocation (Based) Application: alocation 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 UTRANnetwork or UEMS.,
Navigation is one location application example.
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L ocation Based Service (LBS): a service provided either by teleoperator or a3™ party service provider that utilises the
available location information of the terminal. Location Application offers the User Interface for the service. LBSis
either apull or a push type of service (see Location Dependent Services and Location Independent Services). In
ETSI/GSM documentation of SOLSA, LBSiscalled "Location Related Service'. ETSI and/or 3GPP —wide terminology
harmonisation is expected here.

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

L ocation Estimate: the geographic location of an UEMS-and/er-a-valid-Mobile Equipment-(ME); expressed in latitude
and longitude data, and optionally altitude data. The Location Estimate shall be represented in a well-defined universal

format. Trandation from this universal format to another geographic location system may be supported, although the
details are considered outside the scope of the primitive services.

L ocation Independent Service: a service provided either by teleoperator or a 3™ 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!).

L ocation method (/locating method): a principle and/or agorithm which the estimation of geographical locationis
based on, e.g. AOA, TOA, TDOA. For example, GPS is based on TOA, and E-OTD (on GSM) is based on TDOA.

L ocation technology (/locating technology): atechnology or system concept including the specifications of RF
interfaces, data types, etc. to process the estimation of a geographical location, e.g. GPS, E-OTD (GSM), and IPDL-
TDOA (WCDMA).

PLMN Accessbarring 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 areawhich is not related to cell or radio coverage. The UEmebite may take specia
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 UEMS. The permission shall be granted either on activation by the target MSUE or permanently for a
contractual period of time agreed between the target MSUE and the service provider.

Privacy Exception List: alist 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 MSUE.

Prohibited area: an area where the mebile 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 MSUE: the MSUE being located.

Annex B (informative):
Reference Model of Functional Entities for UTRAN UP

The UTRAN functional entities for UP are shown in figure B.1. In this reference model, the LCS clientsin the core
network communicate with the UTRAN UP entities across the lu interface. The RNC L CS Handling Entities and the
Positioning Handing Entities work together with the UE to measure and calculate the position information for the
requested target UE. These entities within the UTRAN are described in more detail in the following subclauses.

The figure shows the general arrangement of the UP function in UTRAN. Communication among these entities makes
use of the messaging and signalling capabilities of the UTRAN across the lu, lur, lub and Uu interfaces. A LMU isalso
added to the UTRAN to make measurements as needed by the selected positioning method.
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Thisfigure does not include elements of 3G Core Network, but focuses on those that participate with the UP functions
in the UTRAN. The association of the LCS entities within the Core Network (CN) (e.g. with 3G-MSC or 3G-SGSN) is
outside the scope of the present document and is not illustrated in the diagram.

Within the UTRAN, the UP Entities may be associated with, or part of the RNC, the Node B and the UE. Internal LCS
Applications may also be part of the RNC and the UE.

The UE Position Calculation Function (PCF) islogically associated with the SRNC in UTRAN.

The UPin UTRAN also makes use of the standardised lur interface between RNCs, when Node B information,
measurements and results are collected.

The functional model presented in the figure includes functional entities for UE utilising either or both circuit switched
(CS) and packet switched (PS) services. This model also supports of all the entities needed for different positioning
methods (e.g. network-based, UE-based, UE-assisted, and network assisted (see note 1) methods) exploiting either
uplink or downlink measurements.

NOTE 1: In this approach UE may use the GPS technigue but still make use of auxiliary information from the
serving network.

| mplementations may often associate the UTRAN LCS Entities with an RNC (as illustrated in the figure). However, for
networks with a small volume of L CS reguests, the LCS Entitiesin the UTRAN may also be implemented as a separate
element (server) which interfaces with the RNCs, and the Node B / LM Us.

LMU (remote) UTRAN LCS Entities
{k
. V]
UE Core Network (CN)
S RNC | Location LCS Entities
Handing Entities Service (Client, Subscriber)
@ i  Request
LSCF :
i Location
W i Service
N | Response
.
Positioning
Handling PRCF
ENI“eS
A
@ 1
A
External @ lub
LCS v
Application L
A
Uu PSMF
Node-B, LMU

Figure B.1: UTRAN UP Functional Entities

Several functional groupings may be defined to describe the UP functions. These groupings occur in both the CN and
the UTRAN. The overall LCS functiona grouping is described in reference [1]. Each grouping encompasses a number
of functional components and functions.

Within UTRAN the functional entities may be grouped as follows:

- thelnternal Client group that includes:

- Internal UTRAN Location Client Function (U-LCF);

- the UTRAN System Handling group that includes:

- UTRAN Location System Control Function (U-LSCF),
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- UTRAN Location System Operations Function (U-LSOF);

- the UTRAN Positioning group that includes:

- UTRAN Position Radio Co-ordination Function (U-PRCF),

- UTRAN Position Calculation Function (U-PCF),

- UTRAN Position Signal Measurement Function (U-PSMF),

- UTRAN Position Radio Resource Management (U-PRRM).

The functions within the UTRAN are described in more detail in the following subclauses.

B.1 Internal Client Group

B.1.1 Internal UTRAN Location Client Function (U-LCF)

The UTRAN Location Client Function (U-LCF) represents alogical interface between the internal UTRAN LCS
applications and the LCS RNC Handling entities (e.g. the Location System Control Function (U-LSCF) in the RNC).

NOTE: Thereisnot necessarily arequirement for a LCCF (Location Client Control Function) for the UTRAN
Internal Client asis described for external clientsin reference [1] (the system stage specification).

The UTRAN may make use of positioning information for internal operations such as location assisted handover. In
such a case, a U-L CF representing the internal UTRAN LCS application may communicate with the U-L SCF to request
and receive the positioning information.

B.2 UTRAN System Handling group

B.2.1 UTRAN Location System Control Function (U-LSCF)

The UTRAN Location System Control Function (U-LSCF) in RNC is responsible for co-ordinating UP requests within
the RNC handling entity. This function manages call-related and non-call-related UP requests and allocates network
resources for handling them. This function "insulates' the Location clients in the Core Network from the detailed
operation of the positioning method in order that the UTRAN may be used by several types of core network and with
several positioning methods.

The U-L SCF provides flow control between simultaneous UP requests. Simultaneous UP requests must be queued in a
controlled manner to account for priority requests (e.qg. for Emergency Clients). The details of the flow control, priority
selection and queuing are beyond the scope of the present document.

The U-LSCF will select the appropriate positioning method based on the availability of resources and parameters of the
UP request. The U-L SCF co-ordinates resources and activities needed to obtain data (e.9. Node B geographic co-
ordinates) needed for the positioning method. It also records LCS RNC usage data for the location service request that
may be passed to a L ocation System Recording Function (U-LSRF) or OA&M function in the Core Network.

If the positioning method requires the broadcast of system information, the L SCF initiates and maintains this activity
through the Position Radio Co-ordination Function (U-PRCF). Broadcast information (such as the geographic co-
ordinates of the Node Bs) may be required, for example, to support a Position Calculation Function (U-PCF) located in
the UE. These broadcasts may also include other information (such as currently observable satellites) that may assist a
UE in the use of external location services.

The information to be broadcast is selected based on the positioning methods offered for use by the LCS and the needs
of the UE. This broadcast information may be specially coded (i.e. encrypted) to ensure its availability only to
subscribers of the service. The use of broadcasts or other methods for signalling to the UE or the LMU may be selected
based on the chosen positioning method.

The information to be broadcast could include, for example:

- identification and spreading codes of the neighbouring Node Bs (the channels that are used for measurements);
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- _Relative Time Difference (RTD), i.e. the timing offsets, asynchronity between Node Bs, could be based on
measurement results obtained by LMUS;

- roundtrip delay estimates in connected mode;

- the geographic position, co-ordinates, of the neighbouring Node Bs;

- theidle period places within the frame structure for multiple Node Bs;

- thelocal time-of-day.

Some of thisinformation may be broadcast to support other UTRAN operations (e.g. handover). The function of the
LSCF isto ensure information is broadcast when needed for the LCS operations and the L SCF may make use of other
UTRAN processes to do so.

B.2.2 UTRAN Location System Operations Function (U-LSOF)

The UTRAN Location System Operations Function (U-LSOF) is responsible for provisioning of data, positioning
capabilities, datarelated to clients and subscription (LCS client data and UE data), fault management and performance
management of LCS within the RNC.

An L SOF may be associated with each entity. The L SOF interacts with Internal (OAM) Clients for administration and
mai ntenance of the data.

The lur interface may pass messages relating to changes or reporting of the data associated with the LSOF in the RNC.

The lub interface may pass messages relating to changes or reporting of the data associated with the LSOF in the Node-
B or the LMU.

The Uu interface may pass messages relating to changes or reporting of the data associated with the LSOF in the UE or
the remote LMU.

B.3 Positioning group

B.3.1 UTRAN Position Radio Co-ordination Function (U-PRCF)

The UTRAN Position Radio Co-ordination Function (U-PRCF) manages a UP for a UE through overall co-ordination
and scheduling of resources to perform positioning measurements. This function interfaces with the U-PSMF, the U-
PRRM and the U-PCF. The U-PRCF determines the positioning method to be used based on the UP request, the QoS,
the capabilities of the UTRAN, and the UE’s capabilities. The U-PRCF also manages the needed radio resources
through the U-PRRM. It determines which U-PSMFs are to be involved, what to measure, and obtains processed signal
measurements from the U-PSMF.

Some positioning methods may involve measurements made at the UE. In this case the U-PRCEF interfaces with the UE
to obtain the measurements (or the positioning results if they have been determined by the UE). Some positioning
methods may involve measurements or information from several sources, including radio units at several Node B (or
other LMU) and involve a series of transmissions and receptions. The U-PRCF entity also provide ancillary
measurements in case of network-assisted positioning method. Ancillary information may be extracted from navigating
systems like GPS.

The U-PRCEF forwards the signal measurement data to the U-PCF.

It is the function of the U-PRCF to co-ordinate the sequence of activities and compensate for failures (if they occur) to
provide the position estimate.

B.3.2 UTRAN Position Calculation Function (U-PCF)

The UTRAN Position Calculation Function (U-PCF) is responsible for calculating the position of the UE. This function
applies an algorithmic computation on the collected signal measurements to compute the final position estimate and

accuracy.
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The U-PCF may also support conversion of the position estimate between different geographic reference systems. It
may obtain related data (e.g.: Node B geographic co-ordinates) needed for the calculation. There may be more than one
calculating function available within, or associated with, the calculation function of the UTRAN.

In the cell 1D based positioning method, the U-PCF shall determine the geographical co-ordinates corresponding to the
cell(s) associated with the the target UE.

The PCF is also responsible for estimating the accuracy of the position estimate. This accuracy estimate should include,
for example, the effect of geometric dilution of precision (GDOP), the capabilities of the signal measuring hardware,
the effects of multipath propagation and the effects of timing and synchronisation unknowns. The accuracy should be
returned as a measure of distance in the same units as the position estimate. The accuracy zone may be reported as the
axis and orientation of an €ellipse surrounding the position estimate.

B.3.3 UTRAN Position Signal Measurement Function (U-PSMF)

The UTRAN Position Signal Measurement Function (U-PSMF) is responsible for performing and gathering uplink or
downlink radio signal measurements for use in the calculation of a UE position. These measurements can be positioning
related or ancillary.

There may be one or more PSMF within aUTRAN and they may be located at the UE, the Node B, or a separate LMU.
The PSMF, generally, may provide measurement of signals (i.e. satellite signals) in addition to measurements of the
UTRA radio transmissions. The measurements to be made will depend on the selected positioning method.

B.3.4 UTRAN Position Radio Resource Management (U-PRRM)

The UTRAN Position Radio Resource Management (U-PRRM) entity is responsible for managing the effect of LCS
operations on the overall performance of the radio network. This may ensure, for example, that the operation of the U-
PSMF does not degrade the QoS of other calls. The U-PRRM handles following functions:

- controlling the variation of the UL and DL signal power level due to the L CS application;

- calculating the DL and UL power/interference due to UE positioning operations,

- to admit/reject the new LCS requests;

- co-operating with Admission Control, and entities of the RRM (such as power control) to provide the system
stability in terms of radio resources,

- _controlling the RTD measurement mechanism. It may also forward the results of the RTD; ATD (or any similar
timing parameter) measurements to the PRCF (or PCF);

- _controlling the IPDL _mechanism for positioning measurements. This may include the overall control of the
periodical measurement fulfilment. Co-ordination among RNC (e.g. to assure non-overlapping idle periods) will
be communicated through the lur interface.

B4 Assignment of LCS Functional Entities to UTRAN Elements

Thefigure B.1 and the table B.1 show the generic configuration for different positioning methods, including network-
based, UE-based, UE-assisted and network-assisted methods. With this approach both UTRAN and the UE are able to
measure the timing of signals and compute the UE position estimate. Depending on the applied positioning method it is
possible to utilise the corresponding configuration containing all needed entities. For instance, if a network-based
positioning method is applied, the entities that are involved in measuring the UE's signal and calculating its position
estimate are allocated to the network elements of the access stratum. On the other hand, in case UE-based or network-
assisted methods are used these entities should be allocated to the UE.
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Table B.1: Example Allocation of LCS Functional Entities to Network Elements

UTRAN UE Node-B LMU RNC
LCF X X
LSCF X
PRCF X
PCF X X
PRRM X
PSMFE X X X
LSOE X X X X
Annex C (informative):
Location Services Categories
Generally there are four categories of usage of the location service:
- the Commercial LCS (or Value Added Services);
- thelnternal LCS;
- theEmergency LCS;
- thelLawful Intercept LCS.
These |ocation services categories are further defined in [1] and [4].
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7.6 Radio interface timing procedures

The Radio Interface Timing determination system consists of functionsin LMUs and in the SRNC. The system runs
continuously offering cell timing information for mobile station location.

7.6.1 LMU Functions

The Radio Interface Timing functionality in the LM U should be capable of performing the following functions:
- TheLMU performs necessary air interface measurements from signals transmitted by Node Bs
- If the LMU contains a common reference clock, e.g. GPS TOW, it time stamps reception of Node B signals.

- If thereis no reference clock available, the LMU may make Relative Time Difference measurements, i.e.
measures the time difference between arrival of SFNs

- The LMU may perform some processing of measurements, like averaging and filtering, using parameters
delivered to it, or in their absence using default settings

7.6.2 SRNC Functions

The SRNC must be capable of performing the following functions related to Radio Interface Timing determination:
- The SRNC sendsto LMUs requests for Radio Interface Timing measurement information.

- The SRNC will communicate regularly with LM Us; thus, the SRNC can monitor operation of LMUs. If aLMU
failsto send Radio Interface Timing information, the SRNC shall try to restart the LMU, and if this restarting
fails, the SRNC shall inform O&M system. SRNC can use also diagnostics messages to query the status of
LMUs.

- The SRNC receives Radio Interface Timing measurement results from LMUSs.

- The SRNC stores or queries extrainformation required for Node B synchronization determination, like base
station and LMU coordinates, Node B identity information.

- The SRNC determines synchronization differences between different downlink signalsusing LMU
measurements and other information.

- Synchronization information is delivered for UE location purposes.

7.6.3 LMU-SRNC Interactions

The request for Radio Interface Timing measurement information from the SRNC to a LM U contains the following
parameters:

- Measurement type. Thisindicates whether the SRNC wants the LMU to perform Absolute Time Difference
(ATD) (e.g. GPStime stamp of signal) or Relative Time Difference (RTD) measurements.

- Measurement result reporting frequency. This indicates how often the LM U should send Radio Interface Timing
measurement results.

- Measurement duration. This indicates how long the LMU should make measurements and report results.
- Instructions about filtering of raw measurement data.

- Instructions about Primary CPICH signals to be measured. The LMU unit can measure autonomously a certain
number of most strongly received signals. Another possibility is that the SRNC tells which Node B signals it
should measure.

- Inthe RTD case, which common Primary CPICH the LM U should use as a reference in the measurements.
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- Instruction of how the measurement quality should be reported.

In case aRTD measurement was requested by the CRNC, the LMU returns the following information to CRNC:

- ldentity of the Node B at which the associated LMU isresiding

- Primary CPICH info of the measured signals

- SFN-SFN time difference between neighbour cells and reference cell

- ldentity of the neighbour cells

- SFN-SFN drift between neighbour cells and reference cell

- time stamp of the measurement (e.g. SFN)

- accuracy of the measurement

In case a ATD measurement was requested by the CRNC, the LMU returns the following information to the CRNC:

- cell id of the measured cell

- SEN

- _time stamp (e.g. GPS Time of Week) of the SFN

- Node B clock drift

- accuracy of the measurement

8 Cell ID based location method

In the Cell ID based method, the SSRNC determines the identification of the cell providing coverage for the target UE.
This subsection outlines the procedures for this location method. Sub-section 8.1 provides procedures for the
determination of the cell 1D depending on the operational status of the target UE. Sub-section 8.2 discusses the relation
between the L CS location service and the Support of Localised Service Area (SoLSA) feature. Sub-section 8.3 provides
aprocedure for the mapping of the Cell ID to a corresponding Service Area ldentifier (SAl) to be returned to the LCS
application in the core network. The general flow to determine the cell 1D is shown in figure 8.1.
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Figure 8.1: Cell ID Based Method

8.1 Cell ID determination

In order for the SSRNC to determine the cell ID when an LCS request is received, additional operations may be needed
depending on the operational status of the UE.

Figure 8.1 illustrates the procedure for the cell ID based location method when the UE isin different RRC states. When
the LCS request is received from the core network the S-RNC checks the state of the target UE. If the UE isin a state
wherethe cell ID isavailable, thetarget cell 1D is chosen as the basis for the UE location. In states where the cell 1D is
not available, the UE is paged, so that S-RNC can establish the cell with which the target UE is associated. In order to
improve the accuracy of the LCS response the S-RNC may also request RTT or RX Timing Deviation measurements
from the Node B or LMU associated with the cell ID. The SSRNC may also map the cell 1D to a corresponding Service
Arealdentifier (SAl) to match the service coverage information available in the core network.

The cell ID based method shall determine the location of the UE regardless of the RRC state, including URA_PCH,
Cell_PCH, Cell_DCH, Cell_FACH, cell reselection, inter-system modes, as well as an idle mode.
8.1.1 UE Cell ID is not known

For UE for which the cell 1D isnot known at the time the LCS request is received at the S-RNC, the UE may be paged
to locateits current cell ID. If the UE isin an idle mode and there is a need for it to be paged, then the paging may be
initiated either by the core network or by the SSRNC in the UTRAN access network. For example, the UE can be forced
to perform atransition to a Cell_FACH state to define the cell 1D of its current cell.

If the UE isin anidle mode, Cell_PCH state or in any other state when there is a need to page for the UE to obtain the
cell ID, the Core Network may initiate paging, authentication and ciphering, as specified in TS 23.171.

Alternatively, the cell ID may be determined as the one that was used during the last active connection to the UE. This
determination should be accompanied by the time-of-day of the last connection in the cell.

8.1.2 UE Cell ID is known

8.1.2.1 UE not in Soft handover

The cell ID may be determined as the cell that is providing an active connection for the UE at the time of receiving the
LCS request at the S-RNC.
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8.1.2.2 UE in Soft handover

In order for the SSRNC to provide the geographical co-ordinates of atarget UE in soft handover, the SSRNC combines
the information about all cells associated with the UE.

In soft handover, the UE may have several signal branches connected to different cells, reporting different cell IDs. A
reference cell 1D may be determined by the SS-RNC based on the coverage area of each cell. The reference cell ID may
be selected based on one or more of the following principles:

- thecell ID may be selected based on the parameters defining the quality of the received signal branches. That is,
the cell 1D with the best quality signal branch is selected as the reference cell 1D;

- thecell ID may be selected that was used during connection set-up between the UE and the serving Node B;
- thecell ID of the cell most recently associated with the UE may be selected;;

- thecell ID of thelatest "new" cell that the UE has started to receive, but has not yet been handed over to may be
selected;

- thecell ID may be selected as the cell to which UE has the shortest distance (to the Node-B site);

- thecell ID may be selected as the cell that provides an active connection for the UE at the time of receiving
theL CSrequest at the S-RNC.

The selection may also be based on measurements of Round Trip Time, power levels and received signal strengthsin
UE and related Node B or LMU.

Other relevant mechanisms such as Idle Period Downlink, (IPDL) or Site Selection Diversity Transmit power control
(SSDT) should aso be taken into account when applying the cell 1D selection procedure for UE in a soft handover
mode.

8.2 Localised Service Area

The Support of Localised Service Area (SoLSA) feature is quite close to the location service in principle, but SOLSA is
based, for example, on radio network cell coverage and cell configuration. SOLSA has been standardised in GSM and is
being developed for UTRAN. Some SoL SA service features like Exclusive Access and LSA only Access may be less
applicablein UTRAN due to the 1 frequency reuse.

It should be noted that the Service Area concept described in this specification is different from the Localised Service
Area concept defined for SoLSA.

8.3 Mapping the Cell ID to Geographic Co-ordinates or a
Service Area

A UTRAN cell ID should be mapped to geographical coordinates or a Service Area ldentifier (SAl) before being sent
from UTRAN to the core network. The Service Area ldentifier may include one or several cells. The mapping may be
accomplished either in the S-RNC, in a Network Management System (NMS, including Network Management Unit,
NEMU) or by co-operation of various access network elements.

The core network may request the geographical co-ordinates or the SAl, or both for the target UE. The SAl may be used
for routing of corresponding Emergency calls, or for CAMEL servicesto correspond to the usage of Cell ID in the core
network of GSM. However, the MSC shall not send the Service Area Identity to GMLC.

Although the mapping of the cell(s) associated with the target UE into geographical co-ordinates by the S-RNC is not
standardised, the response to the core network location request with geographical co-ordinates shall be asdefined in TS
23.032.

It should be noted that the Service Area concept is different from the Localised Service Area concept used for SOLSA
services.
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In order to determine a cell coverage estimate and to map it to the geographical coordinates or Service Area parameter
Identity, the SSRNC may use parameters such as the best reference signal, Round Trip Time (RTT) in FDD [17] or Rx
Timing Deviation [18] and knowledge of the UE timing advance in TDD, as well as antenna beam direction parameters.

Alternatively, the service area coverage of a cell may be determined by using areference signal power budget. Based on
the reference signal power budget it is possible to obtain, for example, the base station transmitted power, isotropic path
loss, coverage threshold at coverage area border for a given location probability, and a cell radius for an indoor and
outdoor coverage.

The SSRNC may use areference signal link budget based cell radius estimate, in conjunction with the cell identifier, to
make a coverage estimation for the cell(s) related to the target UE.

Additionally, the SSRNC may compare the received power levels with the power budget, whereby more accurate
information of the location of the UE may be provided.

Also, the interaction between neighbouring cell coverage areas may be used to determine a more exact location of the
UE.

9 OTDOA location method

The primary standard OTDOA measurement is the " SFN-SFN observed time difference" observed at the UE (see [17
and [18]. These measurements, together with other information concerning the surveyed geographic location of the
transmitters and the relative time difference (RTD) of the actual transmissions of the downlink signals may be used to
calculate an estimate of the location of the UE. Each OTDOA measurement for a pair of downlink transmissions
describes aline of constant difference (a hyperbola (see note 1)) along which the UE may be located. The UE's location
is determined by the intersection of these lines for at least two pairs of base stations. The accuracy of the location
estimates made with this technique depends on the precision of the timing measurements, the relative location of the
base stations involved (see note 2), and is also subject to the effects of multipath radio propagation. Thisisillustrated in
the figure 9.1.

NOTE 1. Thisisrealy afigurein three dimensions, a hyperboloid. For convenience here, thiswill be simplified to
the hyperbola representing the intersection of this surface with the surface of the earth. For location
service in three dimensions the hyperboloid must be considered.

NOTE 2: The geometry of the base station locations may affect the accuracy of the location estimate. The best
results are when the base stations equally surround the UE. If they do not, there is areduction in accuracy,
which is sometimes termed the Geometric Dilution of Position (GDP).

The primary OTDOA measurements (made by the UE) are sent to the Position Calculation Function (PCF) in the
serving RNC. These measures are sent via signalling over the Uu,_lub (and lur) interfaces between the UE and the
SRNC (PCF). The calculation function makes use of the measurements, the known locations of the transmitter sites and
the relative time difference of the transmissions to estimate the UE’s location.
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Figure 9.1: OTDOA Location Method

The OTDOA method may be operated in two modes: UE assisted OTDOA and UE based OTDOA. The two modes
differ in where the actual location calculation is carried out. In the UE assisted mode, the UE measures the differencein
time of arrival of several cells and signal's the measurement results to the network, where a network element (the
Position Calculation Function (PCF)) carries out the location calculation. In the UE based mode, the UE makes the
measurements and also carries out the location cal culation, and thus requires additional information (such as the
location of the measured base stations) that is required for the location calculation. The signalling requirements for the
two OTDOA modes are described in alater subclause. Asthe LCS involves measurements, there is always uncertainty
in the results. Physical conditions, errors and resolution limitsin the apparatus all contribute to uncertainty. To
minimise the uncertainty in the LCS result, it isimportant that as many measurements of TDOA (and assistance data as
RTT in FDD and Rx Timing Deviation in TDD) as are possible for a UE are provided to the PCF. Thusit isimportant
that the standard method for L CS not be restricted to rely on a single measure. The UE thus provides SFN-SFN
observed time difference measurements for as many cells asit can receive. The cellsto be measured shall include those
in the "cell reselection and monitoring set" and those in the "cell selection set".

In order to support the OTDOA method, the locations of the UTRAN transmitters needs to be accurately known by the
calculation function (PCF). Thisinformation may be measured by appropriate conventional surveying techniques (see
note 3). The surveyed location should be the electrical centre of the transmitting antenna (and not the location of the
radio equipment building). The use of antenna diversity, beamforming or beam steering techniques may cause the
effective antennalocation to change with time and this information will need to be communicated to the PCF to assist
with its calculations. The methods of measuring the location of the UTRAN transmitters are outside the scope of the
present document.

NOTE 3: These surveying methods may, for example, make use of a GPS receiver.

In order to support the OTDOA method, the relative time difference (RTD) of the downlink transmissions must also be
known by the calculation function (PCF). If the UTRAN transmitters are unsynchronised, the RTD will change over
time asthe individual clocks drift. Thus, measurements of RTD may need to be made regularly and the calculation
function updated appropriately. The measurement of the RTD is outside the scope of the present document (see note 4).

NOTE 4: One convenient method isto make use of an LMU at a fixed location. This unit measures the observed
time differences of al the local transmitters and reports these to the PCF. These measures may then be
converted (trandated) into the actual (absolute) relative time difference for each of the transmitters by
making use of the known location of the LM U and the transmitters.

In some conditions a sufficient number of cells may not be available for measure at the UE. This may occur, for
example, if the UE islocated quite close to the UTRAN transmitter and its receiver is blocked by the strong local
transmissions. Thisis referred to asthe "hearability" problem.
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9.1 Use of Idle Periods (FDD only)

For realising location based services the support of physical layer is a prerequisite, so that the measurements required
for the terminal location calculation can be carried out. In UTRAN there are several factors that must be taken into
account while considering the physical layer procedures related to location services:

- hearability: abasic consequence of a CDMA radio system is that aterminal near its serving base station cannot
hear other base stations on the same frequency. In order to calculate terminal location the terminal should be able
to receive at least three base stations. To facilitate this some special means are required;

- asynchronous network causes significant uncertainty to the time-difference-of-arrival (TDOA) measurements.
To compensate for the effects of this, the relative time difference (the synchronicity) between base station
transmissions must be measured, and used for correcting TDOA measurement;

- capacity loss: signalling related to location calculation may take capacity from other services. This capacity loss
should be minimised.

Based on the results of the work donein ARIB SWG2/ST9 (see reference [21]) a solution for the above mentioned
hearability problem isthe IPDL (Idle Period DownLink) method. In this method each base station ceasesits
transmission for short periods of time (idle periods). During an idle period of a base station, terminals within the cell
can measure other base stations and the hearability problem is reduced. Also, during idle periods the real time
difference measurements can be carried out. Because the IPDL method is based on forward link (downlink) the location
service can be provided efficiently to alarge number of terminals simultaneously.

The specification and operation of the IPDL technique are provided in the following subclause.

9.1.1 Operation and specification of idle periods

The operation and specification of idle periods can be found in TS 25.214 (reference [16]).

9.2 Relative Time Difference (RTD)

In order to calculate the estimate of the location of the UE, the calculation function needs to know:
- the OTDOA measurements;
- the surveyed geographic locations of the base stations that have had their signals measured; and

- the actual relative time difference between the transmissions of the base stations at the time the OTDOA
measurements were made.

The accuracy of each of these measurements contributes to the overall accuracy of the location estimate. The
measurement of the RTD is described in the following.

There are several approachesto determining the RTD. One is to synchronise the transmissions of the base stations. In
this technique the RTD are known constant values (see NOTE) that may be entered in the database and used by the
calculation function when making a location estimate. The synchronisation must be done to alevel of accuracy of the
order of tens of nanoseconds (as 10 nanoseconds uncertainty contributes 3 metres error in the location estimate). Drift
and jitter in the synchronisation timing must also be well controlled as these also contribute uncertainty in the location
estimate. Synchronisation to thislevel of accuracy is currently only readily available through satellite based time-
transfer techniques. Generally in the TDD operating mode, the base stations are synchronised.

NOTE: Thetransmission times may all be aligned to a common reference (such as UTC) in which case al RTD
have a common value. However, in amore general case the transmissions may have a fixed offset with
reference to UTC, and thus the RTD values are non-zero and may be stored in the database for use by the
calculation function.

Alternatively (typically in FDD mode), the base stations may be left to free run within some constraint of maximum
frequency error. In this scenario, the RTD will change (slowly) with time. The rate of change will depend on the
frequency difference and jitter between base stations. If, for example, the maximum frequency difference between two
base stations is 10, then the start of transmission of a 10 millisecond code sequence will drift through a cycle in about
1 390 hours (or 57 days). With thisrelatively slow rate of drift the RTD can be measured by fixed units at known
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locations (these are LM Us, Location Measurement Units) and stored in the database for use by the calculation function.
The jitter and drift of the individual oscillatorsin each base station may cause the change of timing to slow, remain
constant or reverse direction over time. Ongoing measurements of the RTD may be made to assure the most current
values are available for the calculation function. The RTD measurement units may be co-located with the base stations
or installed at other convenient locationsin the UTRAN coverage area, and report their results through the UTRAN
signaling channels.

The LMUs may directly measure the RTD between neighbouring and reference cells and return the measurements to the
CRNC. Alternatively the LMUs may measure the ATD of the neighbouring and reference cells and return the
measurements to the CRNC. If the CRNC is not the SRNC the information is also forwarded from CRNC to SRNC.
The SRNC then usesthe ATD measurements to calculate the RTD values. The information to be transferred in each
case arelisted in 7.6.3.

9.3 Time of Day (ToD)

If there are frequency drifts between the (unsynchronised) Node Bs, as noted in the previous subclause, the OTDOA
measurements must be reported together with the time-of-day they were made (timestamp). Thisis necessary so that the
appropriate value of the RTD may be used by the calculation function.

In order to assure less than a 20 nanosecond uncertainty in the RTD value, the time of day must be known to better than
10 seconds (if the maximum frequency difference between the base stations is +10°). The method by which the ToD is
measured is the system the frame number, which provides a 10 millisecond resolution and can be unambiguous up to
40.95 seconds..

9.4 Base Station Synchronisation

It is preferable that the location methods do not require the base station network to be synchronised. The needed level of
synchronisation accuracy for LCSis not by any means straightforward to achieve. The necessary information of
Relative Time Differences (RTD) between base stations can be measured by dedicated units (LMU, Location
Measurement Unit) and distributed in the network (e.g. as broadcast information). Also, the measurements of RTD may
benefit from the Idle Period DownLink (IPDL) option.

Inthe TDD operating mode the base stations will typically be synchronised and this may be of assistanceto the LCS
technique.

9.5 OTDOA-IPDL and OTDOA Modes

There are two modes of operation for the OTDOA-IPDL and OTDOA methods. In the UE assisted mode, the UE
measures the difference in time of arrival of several cells and signals the measurement results to the network, where a
network element (the Position Calculation Function (PCF)) carries out the location calculation. In the UE based mode,
the UE makes the measurements and also carries out the location calculation, and thus requires additional information
(such as the location of the measured base stations) that is required for the location calculation. Thisinformationis
provided by the Location System Information Function (LSIF).

95.1 Information to be transferred between UTRAN elements

Table 9.1 lists the required information for both UE assisted and UE based modes that may be sent from SRNC to UE.
The required information can be signalled to the UE either in a broadcast channel or partly also as dedicated signalling.
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Table 9.1: Information reguired-to be transferred from SRNC to UE ferUE-assisted-and-UEbased
OTBOA-PDL-and-OTDOA-in-the UTRAN(LSHF)-to-UE-direction-('Yes’ = information required, 'No’ =
Information not required)

Information UE assisted | UE based

Intra frequency Cell Info (neighbour list). Yes Yes
Ciphering information for LCS (see note) No Yes
Measurement control information (idle period locations) | Yes Yes
Sectorisation of the neighbouring cells No Yes
Measured RTD values for Cells mentioned at Intra No Yes
frequency Cell Info
RTD accuracy No Yes
Measured roundtrip delay for primary serving cell No Yes
Geographical location of the primary serving cell. No Yes
Relative neighbour cell geographical location No Yes
Accuracy range of the geographic location values No Yes
NOTE: The idea behind LCS specific ciphering information is e.g. that the operator

can sell information that the UE needs for calculating its location. For

reference in the GSM world see [3].

OTDOA-IPDL-and OTDOA

The information that may be signalledreguired from UE to UTRAN-(PSMFPCF)SRNC islisted in table 9.2.

Table 9.2: Information to be transferred from UE to SRNCregquired-forUE-assisted-and-UEbased

Information UE assisted | UE based
OTDOA measurement results Yes No
OTDOA measurement accuracy Yes No
UE geographical location No Yes
Location accuracy indicator (based on the signalled and | No Yes
measurement accuracies)

Table 9.3 shows the information that may be transferred from Node B to its CRNC. If the CRNC is not the SRNC the
information is also forwarded from CRNC to SRNC.

Table 9.3: Information to be transferred from Node B/LMU to CRNC and between RNCs

Information UE assisted UE based
Measured RTD or ATD values for Cells mentioned at Yes Yes
Intra frequency Cell Info
RTD or ATD accuracy Yes Yes

Table 9.4 shows the information that may be transferred between RNCs.

Table 9.4: Information to be transferred between RNCs

Information UE assisted | UE based
Geographical location of the primary serving cell Yes Yes
Relative neighbour cell geographical location Yes Yes
Accuracy range of the geographic location values Yes Yes

9.6

The following diagram illustrates the operations for the OTDOA-LCS when the request for location information is
initiated by an LCS application signalled from the Core Network. As these operations are internal to the RNC, this
diagramisto illustrate information flow and implementations may use aternate arrangements.

OTDOA network location procedures
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Thisillustration only includes the information flow related to L CS operations and does not indicate other operations that
may be required, for example, to establish a signalling connection between the UE and the SRNC. Also not illustrated is
the signalling used to initiate the location service request (from the Location Client Function) from the Core Network or
a UE based application.

9.
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Figure 9.2: OTDOA Signalling Operations

The operation begins with an authenticated request for location information about a UE from an application in
the core network being received at the LSCF. The LSCF acts as interface between the Core Network and the
LCS entitiesin the UTRAN.

The LSCF considers the request and the capabilities of the UE and the network and forwards the request to the
appropriate PRCF in the Serving RNC.

The PRCF requests from the UE the measurement of the OTDOA for the signalsin the active and
neighbourhood sets. These measurements may be made while the UE isin the idle state or while it is connected.

If it is considered advantageous to do so, the PRCF requests the UE TX-Rx timing difference information from
the UE.

The UE returns the OTDOA measures to the PRCF. The PRCF receives the OTDOA information and co-
ordinates obtaining other information to support the calculation request (not illustrated).

The UE returns the UE TX-Rx timing difference information to the PRCF, together with a time stamp of when
the value was obtained.

If there are insufficient OTDOA measures, or it is otherwise considered advantageous to do so, the PRCF
requests the RTT measure for the UE from the PSMF in the serving Node-B.

The PRCF requests the RTD measures for the associated transmitters from the L SOF (database). These may be
stored locally if they are constant over time, otherwise they must be updated to represent the RTD timing at the
time-of-day the OTDOA measurements were made.

The PSMF in the Node-B returns the RTT measures to the PRCF if they were requested.

10. The LSOF returns the RTD information to the PRCF.
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11. The PRCF passes the OTDOA, RTD and, if necessary, RTT information to the PCF and requests a location
calculation. The calculation may include a co-ordinate transformation to the geographic system requested by the
application.

12. The PCF returns the location estimate to the PRCF. This estimate includes the location, the estimated accuracy
of the results and the time of day of the estimate.

13. The PRCF passes the location estimate to the LSCF.

14. The LSCF passes the location estimate to the Core Network.

10 Network assisted GPS location 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; 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,

- dlow the UE to consume less handset power than with stand-alone GPS ; thisis due to rapid start-up times as the
GPS can bein 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.

S-RNC UE

Request to locate UE or
request to 1ssue assistance
datato the UE

S-RNC collects available network
info about UE.

S-RNC computesGPS

assistance.
i Timing calibration. : GPS assistance information is conveyed
. The timi : tothe UE
! e timing !
! calibration must be ! UE makes GPS ith the help of
! known at the RNC ! gegsurements V\."tf the €p 0
! in order to provide : PS assistance information
| timing assistance. ! GPS measur . results are conveyed to S-
- e : RNC
S-RNC calculates location UE calculates location fix
P UE location info P UE location info
~  (UE-assisted) ~  (UE-based)

Figure 10.1: Network assisted GPS methods
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10.1  Timing calibration

Timing calibration is achieved by using UE or UTRAN GPS timing measurements as specified in [17].

10.2  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 received from the GPS reference receiver network, to
derive the estimated times of arrival (code phases) for equivalent GPS satellite signals received by the UE-based GPS
receiver functionality. The estimated code phase data may be conveyed, together with Tyrran-cps (8S specified in [17]
and [18]), from the UTRAN to the UE using higher layer signalling. The estimated code phase datavalue is uncertain to
a degree depending on the accuracy of the UTRAN timing calibration and initial location determination methods used.

10.3 Data assistance

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

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

The assistance data signalled to the UE may include al 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 afew 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;

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

NOTE: Certaintypes of GPS Assistance data may be derived, wholly or partially, from other types of GPS
Assistance data.

If DGPSis utilised, then differential corrections may also be transmitted. If Selective Availability is turned off, these
corrections can be valid for afew minutes or more. The DGPS datais valid for alarge geographical area, so one
centrally located reference receiver can be used to service this large region.

10.4 UE search

Provided that timing and/or data assistance is available in the UE they should be applied in the GPS signal
searchprocedure. UE search procedure involves athree-dimensional search for a satellite PRN (pseudorandom) code,
time of arrival of asignal and the associated carrier Doppler.

"Modulation wipe-off" is defined here to mean aremoval of the GPS navigation data bit modulation to GPS signals
received at the UE, through the application of UTRAN timing and data assistance provided from the UTRAN to the UE.
This process allows the UE to coherently integrate received GPS signals beyond 1 data bit period (i.e., 20 milliseconds).

10.5 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 methods, namely UE-based and UE-assisted, which differ according to
where the actual location calculation is carried out.

The UE-based method maintains a full GPS receiver functionality in the UE, and the location calculation is carried out
by the UE, thus allowing stand-alone location fixes.
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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 location of the UE and carries out the remaining GPS operations. In this method, accurately
timed code phase signalling (as specified in [17] and [18]) isrequired 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 |ocation accuracy without extra signalling to the UE.

10.5.1 UE-basedmethodInformation to be transferred between UTRAN
elements

Table 10.1 lists information for both UE--assisted and UE--based modes that may be sent from SRNC to UE. This
information can be signalled to the UE either in abroadcast channel or as dedicated signalling.

Table 10.1: Information that may be transferred from SRNC to UE('Yes’ = information applicable 'No’ =
information not applicable

Information UE- UE--based
assisted
Number of satellites for which assistance is provided Yes Yes
reference time for GPS (Tutran-cps) (specified in [17] Yes Yes
and [18])
3-d reference location (specified in [17]) No Yes
ionospheric corrections No Yes
satellite ID for identifying the satellites for which Yes Yes
assistance data is provided
Ephemeris & clock corrections Yes Yes
UTC offset No Yes
DGPS corrections No Yes
almanac data Yes Yes
real-time inteqrity (e.qg. a list of unusable satellites) No Yes
doppler (0™ order term) Yes No
Doppler Search Window width Yes No
doppler (1% order term) Yes No
azimuth Yes No
elevation Yes No
code phase Yes No
code phase centre and search window width Yes No
The information that may be signalled from UE to SRNC islisted in table 10.2.
Table 10.2: Information that may be transferred from UE to SRNC
Information UE- UE--based
assisted
reference time for GPS (Tue.cps) (specified in [17] and Yes Yes
[18])
serving cell information No Yes
Latitude/Longitude/Altitude/Error ellipse No Yes
velocity estimate in the UE No Yes
satellite ID for which measurement data is valid Yes No
Whole/Fractional chips for information about the code- Yes No
phase measurement
C/Ng_of the recieved signal from the particular satellite Yes No
used in the measurements
doppler frequency measured by the UE for the Yes No
particular satellite
pseudorange RMS error Yes No
multipath indicator Yes No
number of Pseudoranges Yes No
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Table 10.3 shows the information that may be transferred from Node B to its CRNC. |f the CRNC is not the SRNC the
information is also forwarded from CRNC to SRNC.

Table 10.3: Information that may be transferred from Node B/LMU to CRNC and between RNCs

Information UE- UE--based
assisted
reference time for GPS (Tutran-cps) (Specified in [17] Yes Yes
and [18])

3GPP
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-——¢loppler;
-—satellite Code Phase;

- multipath indicator;
-—pseudorange RMS-Error-

Additional parameters, such as round trip time (RTT) in FDD or Rx Timing Deviation in TDD, UE receiving
transmitting time (UE Rx-Tx), SFN-SFN observed time difference and CPICH Ec/No, may be used to improve the
performance of UE-assisted GPS. All the additional parameters are defined in [17] and [18] and can be made available
through RRC signalling. Furthermore, to those UE technologies requiring externally provided sensitivity and time
aiding data, some navigation bits may be sent from UTRAN to UE for sensitivity assistance and time recovery.

11 Position calculation functionality

NOTE: Thefunctionality of the PCF is described in more detail in an informative annex FFS.

12 Information storage

NOTE  Thisclausejust outlines the information that may need to be stored in the UTRAN LCS elements (U-
L CF, U-PSCF,U-LSCF, UE, etc) that may need to be standardised (if any).
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Annex A (informative):
Definitions and Terms

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

CAMEL: CAMEL isanetwork functionality, which provides the mechanisms of Intelligent Network to a mobile user.

Current Location: after alocation attempt has successfully delivered alocation estimate and its associated time stamp,
the location estimate and time stamp is referred to as the current location’ at that point in time.

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

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 estimatesits
own location based on the observed times of arrival of the satellite signals.

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

Initial Location: in the context of an originating emergency call the location estimate and the associated time stamp at
the commencement of the call set-up isreferred to as'initial location’.

Last Known Location: the current location estimate and its associated time stamp for Target M S stored in the LCS
Server is referred to as the 'last known location’ and until replaced by a later location estimate and a new time stamp is
referred to asthe 'last known location'.

LCS (LoCation Services): LCSisaservice concept in system (e.g. GSM or UMTS) standardisation. LCS specifies al
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: LCSdoes not specify any location based (value added) services except locating of emergency calls.

L CS Client: asoftware and/or hardware entity that interacts with a LCS Server for the purpose of obtaining location
information for one or more Mobile Stations. 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 Mobile Station (MS).

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

LCS Client Subscription Profile: acollection 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.

L CS Feature: the capability of a PLMN to support LCS Client/server interactions for locating Target M Ss.

L CS Server: asoftware and/or hardware entity offering LCS capabilities. The LCS Server accepts requests, services
reguests, 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: aservice, 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.

L ocation (/location detecting): location is afunctionality, which estimates a geographical location (of e.g. amobile
terminal).

L ocation (Based) Application: alocation 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 network or MS. Navigation is
one location application example.
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L ocation Based Service (LBS): a service provided either by teleoperator or a3™ party service provider that utilises the
available location information of the terminal. Location Application offers the User Interface for the service. LBSis
either apull or a push type of service (see Location Dependent Services and Location Independent Services). In
ETSI/GSM documentation of SOLSA, LBSiscalled "Location Related Service'. ETSI and/or 3GPP —wide terminology
harmonisation is expected here.

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

L ocation Estimate: the geographic location of an MS and/or avalid Mobile Equipment (ME), expressed in latitude and
longitude data, and optionally altitude data. The Location Estimate shall be represented in a well-defined universal
format. Trandation from this universal format to another geographic location system may be supported, although the
details are considered outside the scope of the primitive services.

L ocation Independent Service: a service provided either by teleoperator or a 3™ 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!).

L ocation method (/locating method): a principle and/or agorithm which the estimation of geographical locationis
based on, e.g. AOA, TOA, TDOA. For example, GPS is based on TOA, and E-OTD (on GSM) is based on TDOA.

L ocation technology (/locating technology): atechnology or system concept including the specifications of RF
interfaces, data types, etc. to process the estimation of a geographical location, e.g. GPS, E-OTD (GSM), and IPDL-
TDOA (WCDMA).

PLMN Accessbarring 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 areawhich isnot related to cell or radio coverage. The mobile 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 MS. The permission shall be granted either on activation by the target MS or permanently for a
contractual period of time agreed between the target MS and the service provider.

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

Prohibited area: an area where the mobile 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 MS: the MS being located.
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*** Next Modified Section ***

10 Network assisted GPS location method

When GPS is designed to inter-work with the UTRAN, the network assists the UE GPS receiver to improve
the performance in severa 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 viaUTRAN so the UE
GPS can operate aso in low SNR situations when it is unable to demodulate UE GPS signals;

- dlow the UE to consume | ess handset power than with stand-alone GPS ; thisis dueto 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 10.1: Network assisted GPS methods
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10.5.1 UE-based method

The UE-based method maintains a full GPS receiver functionality in the UE, and the location calculation is
carried out by 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.
| Thefollowing information may be signalled from the UTRAN (L SIF) to the UE:
- number of satellites for which assistanceis provided;
- referencetime for GPS (Tyrran-cps) (specified in [17] and [18]);
- 3-d reference location (specified in [17]);
- ionospheric corrections;
- satdlite ID for identifying the satellites for which the assistance is provided;

- ephemerisand clock corrections to accurately model the orbit of the particular satellite and
information when this becomes valid,

- UTC offset;
- DGPS corrections{see Section-10.6 for using-one-of the | Es for-Integrity-Meonitor);
- dmanac data;

- red-timeintegrity (e.g., alist of unusable satellites).

The following information may be signalled from the UE to the UTRAN (LSIF):
- referencetime for GPS (specified in [17] and [18]);
- serving cel information;

- Latitude/Longitude/Altitude/Error elipse;

- velocity estimate of the UE.;
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10.7 Real time inteqrityintegrity-Monitor

An Integrity Monitor (IM) function at-the SRNC should detect unhealthy (i.e., failed/failing) satellites.
Excessively large pseudo range errors, as evidenced by the magnitude of the corresponding DGPS
correction determined by the IM, shouldmay be used to detect unhealthy satellites. Unhealthy satellites
should be detected very close to the within-10-seconds-of the occurrence of the satellite failure (e.q. 10
seconds) and marked in an unhealthy satellite list as unusable/bad. When unhealthy satellites are detected,
the assistance and/or DGPS correction data should not be supplied for these satellites. Upon receiving the
list of unheathy satellites from the SRNC, the UE should discard data associated with these satellitesin its
positioning calculation.

The IM function should aso inform the UE of measurement quality in DGPS modes when satellites are
healthy. When the error in the IM computed position is excessive for solutions based upon healthy
satellites only, DGPS users should be informed of measurement quality through the supplied User
Differential Range Error (UDRE) adjusted values based on the operation of the IM. Note that UDRE is one
of the | Es contained in the DGPS information (see 23.331 for-details 19]).
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