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3.2
Abbreviations

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

3G-MSC
3rd Generation MSC

3G-SGSN
3rd Generation SGSN

A-GPS
Assisted Global Positioning Systems

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

CN
Core Network

CRNC
Controlling RNC
DGPS
Differential Global Positioning Systems
DL
Downlink

DRNC
Drift RNC

GMLC
Gateway MLC

GPRS
General Packet Radio System

GPS
Global Positioning System

HLR
Home Location Register

IPDL
Idle Period Downlink

LBS
Location Based Services

LCCF
Location Client Control Function

LCF
Location Client Function

LCS
LoCation Services

LMU
Location Measurement Unit

LSCF
Location System Control Function

LSOF
Location System Operation Function

MLC
Mobile Location Centre

MSC
Mobile services Switching Centre

NAS
Non Access Stratum

OTDOA
Observed Time Difference Of Arrival

PCAP
Positioning Calculation Application Part

PCF
Position Calculation Function

PLMN
Public Land Mobile Network

PRCF
Positioning Radio Co-ordination Function

PRRM
Positioning Radio Resource Management

PSMF
Positioning Signal Measurement Function

QoS
Quality of Service

RAN
Radio Access Network

RANAP
Radio Access Network Application Part

RNC
Radio Network Controller

RRM
Radio Resource Management

RTD
Real Time Difference

RTT
Round Trip Time

SAI
Service Area Identifier

SAS
Stand-Alone SMLC

SGSN
Serving GPRS Support Node

SIM
Subscriber Identity Module


SMS
Short Message Service

SRNC
Serving RNC

SSDT
Site Selection Diversity Transmit
TDOA
Time Difference of Arrival
TOA
Time Of Arrival
TOW
Time Of Week
U-.….
UMTS-(LCS functional block)
U-TDOA
Uplink Time Difference of Arrival
UE
User Equipment

UL
Uplink

UMTS
Universal Mobile Telecommunication System

USIM
User Service Identity Module

UTC
Universal Time Coordinates

UTRAN
Universal Terrestrial Radio Access Network

WCDMA
Wideband Code Division Multiple Access

<<next changed section>>

4.3
Standard UE Positioning Methods

The standard positioning methods supported within UTRAN are:

-
cell ID based method;

-
OTDOA method that may be assisted by network configurable idle periods;

· network-assisted GPS methods;
· uplink TDOA.
<<next changed section>>

4.3.4
Uplink TDOA Method
The U-TDOA method calculates the location of a transmitting mobile phone by using the difference in time of arrival of signals at different LMUs. The time required for a signal transmitted by a mobile phone to reach an LMU is proportional to the length of the transmission path between the mobile phone and the LMU. The U-TDOA method does not require knowledge of the time the mobile phone transmits nor does it require any new functionality in the mobile phone. 

<<next changed section>>

5.2.1.1
Serving RNC

The SRNC is a network element of UTRAN and may contain functionality required to support LCS in one PLMN.

The SRNC may provide the following functionality:
-
request of information from other RNC:
The SRNC may request information regarding UE Positioning from other RNCs;

-
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.g. for Emergency Clients);

-
positioning method selection:
The positioning method selection is based on the location request, QoS, capabilities of UE Positioning elements and UE positioning capabilities;

-
position calculation:
The SRNC may calculate the position of a UE and may also support conversion of the position 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 position estimate. The accuracy zone may be reported as the axis and orientation of an ellipse surrounding the position estimate. If available, the positioning method (or the list of the methods) used to obtain the position estimate may also be returned to the CN with the position information. If the CN has requested an accuracy for the position estimate, the Location response shall include an indication whether the position estimate satisfies the requested accuracy or not.
-
provide UE Positioning assistance data:
The SRNC provides assistance data in the support of the various positioning methods;
-
Overall UE Positioning coordination and control:
If both an SAS and an SRNC with SMLC internal functionality are available, the SRNC is responsible for the overall coordination and control of UE Positioning. For example, although the SAS has a position calculation function, the SRNC may also have a position calculation function. The SRNC is responsible for managing the co-ordination and control of these multiple resources.

The SRNC also may provide CRNC functionality regarding UE Positioning for its associated Node Bs and LMUs.

<<next changed section>>

5.2.3
Location measurement unit (LMU)

The Location Measurement Unit (LMU) entity makes measurements (e.g. of radio signals) and communicates these measurements to a RNC or an SAS. The LMU may also perform calculations associated with the measurements.

The positioning and assistance measurements obtained by an LMU are supplied to a particular CRNC or SAS 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 CRNC or SAS), 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. changes in the UTRAN GPS timing of cell frames or SFN-SFN Observed Time Difference).

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

The LMU may be used, for example, to measure UTRAN transmissions either UL or DL. These measurements may be made either, for example, to locate the UE or to measure a system parameter needed by the UE Positioning such as the timing offset (UTRAN GPS timing of cell frames or SFN-SFN Observed Time Difference) of transmissions Node Bs. The LMU may also measure other transmissions, such as those of satellite navigation systems (i.e. GPS) and either report the measurements for use by the CRNC or SAS, or report the positioning 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 UE Positioning method.

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

(a)
positioning measurements specific to one UE and used to compute its position;

(b)
assistance measurements applicable to all UEs in a certain geographic area.

There are two classes of LMU:

-
Stand-Alone LMU: communicates with RNCs via the Uu interface;

-
Associated LMU: communicates with RNCs via the Iub interface.

The associated LMU signalling protocol is the NBAP. The protocol for stand-alone LMU UTRAN signalling will be the RRC protocol.

Stand-Alone LMU

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

NOTE 1:
This does 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 Node B that provides signalling access to its CRNC. A stand-alone LMU also has a serving 3G-MSC, VLR and a subscription profile in an HLR. A stand-alone LMU always has a unique IMSI and supports all radio resource and mobility management functions of the UTRAN radio interface that are necessary to support signalling. A stand-alone LMU shall support those connection management functions necessary to support UE Positioning signalling transactions with the CRNC and may support certain call control functions of to support signalling to an CRNC using a circuit switched data connection.

NOTE 2:
A network operator may assign specific ranges of IMSI for its LMUs and may assign certain digits within the IMSI to indicate the associated CRNC. Certain digits in the IMSI may also be used as a local identifier for an LMU within an CRNC.

To ensure that a Stand-alone LMU and its associated CRNC 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-MSC. 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). An identifier in the HLR profile also distinguishes an LMU from a normal UE. All other data specific to an LMU is administered in the LMU and in its associated CRNC.

Associated LMU

For A-GPS and OTDOA, the associated LMU is accessed over the Iub 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 a logically separate network element addressed using some pseudo-cell ID, 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 CRNC via the Node B Iub interface. The interface between the associated LMU and its Node B is not part of the present document.

NOTE 3:
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.

Measurements

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

-
Radio Interface Timing measurements: include UTRAN GPS timing of cell frames or SFN-SFN Observed Time Difference of the signals transmitted by Node B, where timing differences are measured relative to either some common reference clock (UTRAN GPS timing of cell frames) or the signals of another Node B (SFN-SFN Observed Time Difference);

-
Inter-System Timing measurements: include timing measurements between the UTRAN radio signals transmitted by a Node B and an external system such as the GPS or GSM.

<<final changed section>>

12
U-TDOA positioning method
12.1


General
The U-TDOA method calculates the location of a transmitting mobile phone by using the difference in time of arrival of signals at different LMUs. The time required for a signal transmitted by a mobile phone to reach an LMU is proportional to the length of the transmission path between the mobile phone and the LMU. The U-TDOA method does not require knowledge of the time the mobile phone transmits nor does it require any new functionality in the mobile phone. 
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Figure 12-1: Ideal Signal Collection

Figure 12-1 shows a time domain representations of two perfectly matched signals as received from the same mobile phone by two LMUs in ideal conditions, including high signal-to-noise ratio and no multipath distortion. Because the receivers are at different distances from the transmitting mobile phone, the signals are out of phase; peaks and valleys do not match up.
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Figure 12-2. Ideal and Attenuated Waveforms

Figure 12-2 shows the theoretical effects of increased distance, multipath distortion, and interference on a received signal. The top signal was received under ideal conditions. The lower one represents what that signal would look like in more realistic conditions. It is attenuated to a level much closer to the noise floor. Nevertheless, the peaks and valleys in amplitude are still identifiable with the original signal.

Cross-correlation is a statistical XE "Cross-correlation"  technique that compares the waveforms of two signals point for point. Identical signals in perfect phase would yield a correlation coefficient of 1. In Figure 4-2, even though the waveform in (b) is attenuated compared to (a), the alignment of peaks and valleys would still yield a very high correlation, say 0.999.
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Figure 12-3. Using Cross-Correlation to Compute Time Delay
Figure 12-3 shows (a) a signal received by an LMU that is close to the transmitter and (b) the same signal received by a second LMU farther away. The latter signal is attenuated and perhaps distorted. It is also out of phase with the original signal because it was received at a later time. The correlation coefficient between (b) and (a) would be quite low. However, by shifting the (b) curve to the left, it is possible to find a position in which the correlation coefficient is maximized (shown by (c)). For this position, the amount of shift required is equal to the arrival time difference of the signal between the two LMUs.
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Figure 12-4. Deriving the Hyperbolic Function for Time Delay

In this model (Figure 12-4), Rx1 and Rx2 represent fixed locations of two LMUs in a network. The pairs of intersecting circles centered around Rx1 and Rx2 have radii such that each radius represents the time, tTR, it takes a signal to travel from a mobile phone transmitter to each LMU (that time being unknown). The difference between radii is a constant equal to the difference between tTR1 for the first LMU and tTR2 for the second LMU. tTR1- tTR2 is the value that the U-TDOA system measures. When you plot and connect the points of intersections between each pair of circles, the resulting shape is a hyperbola XE "Hyperbola:in TDOA calculation" . The hyperbola defined by the reference site in comparison to another site XE "Baseline"  constitutes a baseline. If you constructed a similar hyperbola for another pair of LMUs receiving transmissions from the same mobile phone, that hyperbola would intersect at two points with the first hyperbola, yielding two possible locations for the mobile phone. A third such hyperbola (Figure 12-5) would yield a unique location for the calling phone, so that a minimum of four reception sites is needed to obtain the unique location estimate.
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Figure 12-5. Intersection of Three Hypothetical Hyperbolas Calculated from Time Delay Differences

In the U-TDOA method, the reference measurement XE "Baseline"  is the one that represents the LMU site that collects the signal with the highest quality. That site is usually the site closest to the transmitter, and normally generates the highest signal level as well as the highest SNR. In addition, it presumably exhibits the lowest multi-path error. Therefore the reference time delay is the one against which time differences are measured. Any errors introduced into the time delay measurement yield inaccuracies in the intersection point. Since the speed of light is approximately 0.3 m/nsec in air, a nanosecond error in time delay measurement introduces 0.3 meters of error.

The more hyperbolas XE "Hyperbola:in TDOA calculation"  that are calculated, that is, the more cooperating LMUs used in the calculation, the more accurate is the estimate of the transmitter’s position. This is another way of saying that statistical confidence improves with an increase in sample points. When many sites enter into the calculation, the effects of a large time delay measurement error at a single site are minimized. 

12.2 U-TDOA RAN architecture

12.2.1

Introduction

This section proposes a method to integrate U-TDOA into the UTRAN. 

The overall network architecture is illustrated in Figure 12.1.
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Figure 12.1 – U-TDOA Architecture

12.3
UE in CELL_DCH state

12.3.1
General Description

Data (either signalling data (DCCH) or user data (DTCH)) transmitted by a UE in CELL_DCH state will always be sent on the DCH (Transport Channel). The DCH in turn is mapped to the DPDCH (Dedicated Physical Data Channel) by the MAC layer. The DPDCH is identified by the allocated frequency, the channelization code and the scrambling code.

 The DPDCH always has an associated DPCCH (Dedicated Physical Control Channel). The DPCCH carries control information relevant to the physical layer.  The DPCCH is under the same scrambling code, but uses a different spreading code.

While the DPDCH is active only during actual transmission of user data, the DPCCH is continuously transmitted as long as the UE is in the CELL_DCH state. The UE transmits either the DPCCH and the DPDCH, or solely the DPCCH – the scrambling code allocated to the UE can be received continuously as long as the UE is in the CELL_DCH state.

When the UE is in CELL_DCH state, the allocated scrambling code can be used to identify the UE for U-TDOA location determination. No additional interference is generated to locate the UE using the U-TDOA location method when in the CELL_DCH state.

12.3.2
Message Flow
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Message Flow 1
· The CN sends a RANAP Location Reporting Control  message to the SRNC to trigger the location procedure.

· The SRNC chooses the location method to use – for the U-TDOA method it sends a PCAP Position Calculation Request message to the SAS. This message contains the physical parameters used by the UE to be located (e.g. channelization code, scrambling code, frequency, etc.).

· The SAS triggers the LMUs that start capturing the signal of the UE to be located. The received information is processed by the SAS and the location calculated.

· The geographical location is forwarded to the RNC in the PCAP Position Calculation Response message.

· The UE position estimate is forwarded to the CN within the RANAP Location Report message.
12.4
UE in CELL_FACH state

12.4.1
General Description

In the CELL_FACH state the mobile is sharing a common uplink channel and is usually not sending data in the uplink direction.  It is not possible to rely on the user application to cause the UE to transmit.  For the U-TDOA location method the RNC must force the UE to transmit.

This is achieved by interrogating the UE for its capabilities using the UE Capability Enquiry message. In order to get enough information for a successful U-TDOA location determination, the UE must transmit this message multiple consecutive times.

If the UE is interrogated for its capabilities it will transmit the UE Capability Information message and wait for an acknowledgement from the RNC (UE Capability Information Confirm). The timer T304 gives the time until the UE will retransmit the UE Capability Information message if no UE Capability Information Confirm message is received. The T304 timer can be set as short as 100ms.  If T304 is set to 100ms and the UE does not receive a UE Capability Information Confirm message after at least 100ms a new UE Capability Information message will be scheduled for transmission. 

The counter N304 defines the maximum number of transmissions before the UE will do a Cell Reselection. Dependent on the UE configuration, it will transmit the UE Capability Information message up to 8 times before performing a Cell Update procedure.

The RNC can use the UE Mobility Information message to set the T304 and N304 so that the UE will execute as many UE Capability Information messages as possible within a short time period (setting T304 to min. and N304 to max.).

12.4.2
Message Flow
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Message Flow 2
1) The CN sends a RANAP Location Reporting Control message to the SRNC to trigger the location procedure.

2) The SRNC sends an PCAP Position Calculation Request Request message to the SAS. This message contains the physical channel parameters, the transport channel parameters and the unique identifier used by the UE to be located (e.g. scrambling code, frequency, slot formats, transport formats, TTI, C-RNTI, channelization code, etc.).

3) If Timer T304 and N304 need to be changed the UE Mobility Information message can be used 

4) When the SAS and the LMUs have been configured, the SAS send a Start U-TDOA Interrogation message to the SRNC.

5) The RNC will confirm that it is ready to start the UE Capability Enquiry procedure by transmitting a Start U-TDOA Interrogation Confirm message.

6) The SRNC sends the UE Capability Enquiry message to the UE – this will trigger the UE to answer with the UE Capability Information message. Since the SRNC does not send a UE Capability Information Confirm message within the time T304, the UE retransmits the UE Capability Information message. 

7) After N304 retransmissions ([N304 + 1] transmissions) the UE will perform a Cell Update.  

8) The UE position estimate is forwarded to the RNC in the PCAP Position Calculation Response message.

9) The UE position estimate is forwarded to the CN within the RANAP Location Report message.
10) If Timer T304 and N304 were changed in step 3, the UE Mobility Information message can be used to restore them to their former values
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