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[bookmark: _Toc216596113]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-GNSS	Assisted Global Navigation Satellite System
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
DGNSS	Differential Global Navigation Satellite System
DGPS	Differential Global Positioning Systems
DL	Downlink
DRNC	Drift RNC
EGNOS	European Geostationary Navigation Overlay Service
GAGAN	GPS Aided Geo Augmented Navigation
GLONASS	GLObal'naya NAvigatsionnaya Sputnikovaya Sistema (Engl.: Global Navigation Satellite System)
GMLC	Gateway MLC
GNSS	Global Navigation Satellite System
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
LIRF	Location Information Relay Function
LMU	Location Measurement Unit
LSADF	Location System Assistance Data Function
LSCF	Location System Control Function
LSCFS	Location System Control Function in SAS
LSOF	Location System Operation Function
MLC	Mobile Location Centre
MSAS	Multi-functional Satellite Augmentation System
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
PRComF	Positioning Radio Communication Function
PRRM	Positioning Radio Resource Management
PSMF	Positioning Signal Measurement Function
QoS	Quality of Service
QZSS	Quasi-Zenith Satellite System
RAN	Radio Access Network
RANAP	Radio Access Network Application Part
RFPM	Radio Frequency Pattern Matching
RNC	Radio Network Controller
RRM	Radio Resource Management
RTD	Real Time Difference
RTT	Round Trip Time
SAI	Service Area Identifier
SAS	Stand-Alone SMLC
SBAS	Satellite Based Augmentation System
SGSN	Serving GPRS Support Node
SIM	Subscriber Identity Module	
SMS	Short Message Service
SRNC	Serving RNC
SSDT	Site Selection Diversity Transmit
TOA	Time Of Arrival
TOW	Time Of Week
U-.….	UMTS-(LCS functional block)
UE	User Equipment
UL	Uplink
UMTS	Universal Mobile Telecommunication System
USIM	User Service Identity Module
UTC	Universal Time Coordinates
U-TDOA	Uplink – Time Difference Of Arrival
UTRAN	Universal Terrestrial Radio Access Network
WAAS	Wide Area Augmentation System
WCDMA	Wideband Code Division Multiple Access

[bookmark: _Toc462777077][bookmark: _Toc468480120][bookmark: _Toc479422515][bookmark: _Toc500131667][bookmark: _Toc500133284][bookmark: _Toc500211871][bookmark: _Toc500213145][bookmark: _Toc524843710][bookmark: _Toc116901350]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;

-	U-TDOA; and.

-	RF Pattern Matching  method that may be assisted by network configurable idle periods.



[bookmark: _Toc116901354]new section
4.3.5	RF Pattern Matching Method
The RF Pattern Matching positioning method is based on radio link measurements collected from the network and/or the UE. The method relies on a predictions or models of the radio environment against which it performs an algorithmic comparison of the measurements to determine a best match estimation of the UE’s location. The RF Pattern Matching method will work with existing UEs without any modification and requires no new radio hardware in the network.
The operation of the RF Pattern Matching location method is described in clause 14.



[bookmark: _Toc216596136]5.2.5	Stand-alone SMLC
An SAS performs one or more of the following procedures:
-	Provide GNSS assistance data to the RNC, for both UE-assisted and UE-based method types, to be delivered through point-to-point or broadcast channels to UE;
-	Act as a location calculation server if the location estimates are not to be calculated in the RNC;
-	Performs a U-TDOA positioning of a particular UE on request of the SRNC;
-    Performs a RF Pattern Matching  positioning of a particular UE on request of the SRNC; 
-	Optionally, the SAS may determine the most appropriate positioning method or combination of positioning methods. When the SAS location method determination option is seleted:
o	The SAS is responsible to select the set of GNSS assistance data to be sent to the UE for A-GNSS based positioning and provide that assistance data to the SRNC within the PCAP Position Activation Request message;
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]o	The SAS is responsible to request UE positioning related information from the SRNC, e.g. intra-frequency, inter-frequency  and inter-rat measurement reports, channel information or round trip time;
o	The SAS is responsible for coordination of simultaneous UE positioning requests from the CN.
-	Selecting the set of U-TDOA capable LMUs to be involved in a U-TDOA location determination.
The SAS communicates with the RNC over the Iupc interface enabling it to forward UE Positioning assistance data to UEs and to receive UE Positioning measurement data from the RNC.
When timing assistance is needed, the SAS may rely on associated LMUs or on the RNC (and on the possibility to have GNSS receivers co-located with the RNC, the Node Bs and/or present in the UEs) to obtain that.

[bookmark: _Toc216596162]6.6.5.1.1	PCAP Position Calculation
The PCAP Position Calculation message flow illustrates how an SRNC invokes an SAS to calculate a position estimate of a UE. This message flow is repeated by the SRNC as needed for a periodic location procedure.
The SRNC initiates the PCAP Position Calculation message flow in the RNC centric mode for UEs that support the following positioning method types:
-	UE assisted;
-	UE assisted is preferred, but UE based is allowed;
-	UE based is preferred, but UE assisted is allowed;
when the chosen positioning method type is 'UE Assisted'.
For UEs that only support the UE based positioning method or that, supporting both, have selected the 'UE Based' option, the PCAP Position Calculation message flow is not applicable. 
The SRNC also inititates the PCAP Position Calculation Request message flow to invoke the U-TDOA and RFPM positioning method in the case that U-TDOA or RFPM  is initiated from the SRNC and not from the SAS.



Figure 6.6: PCAP Position Calculation Request Message Flow
1.	The SRNC initiates a PCAP Position Calculation Request Message. This message contains data necessary for the SAS to calculate a position, and optionally a velocity estimate for a UE and, if required, initiate U-TDOA or RFPM positioning for the UE. The PCAP Position Calculation Request message may contain periodic location information (reporting interval and number of outstanding requests for the overall periodic location procedure) to enable the SAS to better fulfil future such requests.
2.	If the SAS is able to calculate the position, and optional velocity estimate, possibly after performing U-TDOA or RFPM positioning if requested in step 1, it shall return it to the SRNC in a PCAP Position Calculation Response Message. If the SAS cannot fulfil the request, it shall return a PCAP Position Calculation Failure Message to the SRNC.

[bookmark: _Toc216596164]6.6.5.1.3	PCAP for SAS based Positioning Method Selection 
As a configuration option, the SAS shall be able to determine the positioning method used for individual positioning events.  In this case the SRNC shall allow A-GNSS, OTDOA, Cell ID, RFPM and U-TDOA positioning events to be originated by the SAS via PCAP messages on the Iupc interface.



Figure 6.8: Fundamental SAS centric signal flow over the Iupc interface
1) 1.	The SRNC forwards the information contained in the RANAP Location Reporting Control message plus Cell ID and UE capability information to the SAS in a PCAP Position Initiation Request message.
2) 2.	The SAS may initiate a specific positioning method by sending a PCAP Position Activation Request message to the SRNC containing the required positioning method and any assistance data and instructions associated with that positioning method. For positioning methods which require RRC signalling (e.g., OTDOA, RFPM or A-GPS), the positioning instructions include the required settings for the "measurement validity" IE in the RRC signalling message (e.g., CELL_DCH, all states except CELL_DCH, or all states) [18].
3) 3.	The SRNC performs the positioning procedure requested by the SAS including any signalling interaction with the UE in the case of UE assisted or UE based positioning (e.g. for A-GNSS or OTDOA).
4) 4.	The SRNC sends a PCAP Position Activation Response message to the SAS confirming the requested action and providing any information required by the requested positioning method; e.g. intra-frequency, inter-frequency  and inter-rat measurement reports, or round trip time;UE channel information for the U-TDOA positioning method or A-GNSS measurements for UE assisted A-GNSS. If periodic UE reporting is activated by the SRNC in step 3, the PCAP Position Actiation Response message includes the used settings for the IE "measurement validity" in the corresponding RRC signalling [18].
5) 5.	The SAS instigates any further positioning associated with the posititioning method chosen in step 2 – e.g. obtains measurements from LMUs in the case of U-TDOA.
Note:
Repeating steps 2, 3, 4 and 5 to invoke additional positioning methods may provide higher location accuracy or successfully provide UE locations under difficult propagation circumstances, e.g. the hybrid positioning method.  When steps 2, 3, 4 and 5 are repeated, the SAS shall not send a new PCAP Position Activation Request message until the SRNC has responded to a previous request or the SAS has timed out on a response. The SAS may, however, send a new PCAP Position Activation Request message in a repetition of step 2 while SAS positioning for a previous step 5 is ongoing. In this case, SAS positioning (e.g. for RFPM or U-TDOA) could execute in parallel with SRNC positioning (e.g. for A-GNSS or OTDOA) thereby reducing overall response time.
1) 6.	If an RNC positioning procedure has been invoked in step 3 which requests periodic UE reporting according to subclause 6.6.4.1, the subsequent periodic UE measurement reports (e.g. for RFPM, A-GPS or OTDOA) are conveyed to the SAS using one or more PCAP Position Periodic Report messages.
NOTE:	If a periodic RNC positioning procedure has been invoked by the SRNC in step 3, the PCAP Position Activation Response message in step 4 may be returned immediately (i.e., before step 3) confirming the requested action and not including any measurements. In that case, all periodic measurement reports are conveyed to the SAS using PCAP Position Periodic Report messages. 
1) 7.	If periodic positioning was invoked in step 1, the successive periodic position estimates (or an indication of positioning failure) are conveyed to the SRNC using one or more PCAP Position Periodic Result messages.  
8.	The SAS provides the UE location or, when periodic positioning was invoked in step 1, the final UE location to the SRNC in a PCAP Position Initiation Response message. In case of periodic positioning, the final location estimate may be provided, as an implementation option, in a PCAP Position Periodic Result message followed by a PCAP Position Initiation Response message that does not contain any UE location estimate.
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14 [bookmark: _Toc116901451]RF Pattern Matching positioning method
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The primary RFPM measurements made by the UE are sent to the SRNC. These measures are sent via signaling over the Uu, Iub interfaces between the UE and the SRNC. In networks with a SAS, the SRNC may forward the measurement results over the Iupc interface to the SAS. Inaddition, SAS invokes measurement requests to the NodeBs via the SRNC.  The calculation function makes use of the measurements to estimate the position of the UE
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This section discusses the kind of location information that can be extracted from signal strength, signal-to-interference ratio, and/or time delay measurements in comparison to other location technologies.  There are two cases to consider: (1) cells on different towers and (2) sector cells on the same tower.  To illustrate these cases for one example, simplified RF propagation models are used without the complications of terrain or clutter, so that the cell signal strength maps are simple path loss exponent models.  In addition, it is assumed that any co-channel or adjacent channel cells are sufficiently far away that, in the local area, the channel models and the cell models are identical.
Cells on Different Towers: This case is shown in Figure 14.3 (a) for two omni-directional cells.  For each cell, the contours of constant signal strength are circles, and the contour of constant signal strength1 - signal strength2 is a hyperbola with the two cell towers as the foci.  This is the same kind of relative range information that would be obtained from two time-of-arrival sensors at the two cell towers.
Sectored Cells on the Same Tower: This case is shown in Figure 14.3 (b).  For each cell, the contours of constant power repeat the shape of the antenna pattern, and the contour of constant signal strength1 - signal strength2 is a radial from the tower.  This is the same kind of azimuth information that would be obtained from an angle-of-arrival sensor at the cell tower.
Of course, the introduction of terrain and clutter effects into the cell signal strength maps will change these hyperbolas and radials into more complex shapes, but the concept remains the same.  In addition, the presence of measurement errors and modeling errors will introduce a band of uncertainty around these curves, as with all location technologies.
[image: ]
[bookmark: _Ref65620537][bookmark: _Toc98061179]Figure 14.3.  Signal Strength Location Modes

Thus, signal strength location information combines both the relative range, or lateral, information that could be obtained from TDOA measurements and the azimuth, or radial, information that could be obtained from AOA measurements.  Figure 14.4 illustrates the radial and lateral modes of location.  If signal strength measurements for sectors B and C appear in the MR, they provide information about the radial position of the handset with respect to site 1.  If signal strength measurements for sectors B and D appear in the MR, they provide information on the lateral position of the handset with respect to sites 1 and 2.  This is part of the intrinsic advantage of the RF Pattern Matching location approach: an MR with several signal strength measurements is effectively doing a combination of both radial and lateral position location. 

[image: ]
[bookmark: _Ref65620592][bookmark: _Toc98061180]Figure 14.4.  Information Modes in Signal Strength Location Engine
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In addition to signal strength, received power, path loss and signal-to-interference measurements, RF Pattern Matching can be used with time delay measurements. These time delay measurements include Propagation Delay (PD) and Round Trip Time (RTT) as examples. These time delay measurements can be combined with the other available signal measurements in the MR to create a signature which can be pattern matched against predictions or models. In a similar manner to the method in which radio signal strength, path loss, received power and signal-to-interference ratio can be modelled, time delays can be modeled, including the effects of line-of-sight and non-line-of-sight propagation on the measurements. For example, the excess delays often observed in cluttered, obstructed environements due to the lack of a strong direct path between the UE and NodeB can be predicted. Pattern matching algorithms can be used to estimate the most probable location of the UE based on a combination of signal strength and time delay measurements. 

14.2 RFPM Use of Idle Periods 
FFS 
Location based services require the support of the physical layer as a prerequisite, so that the measurements required for the UE position, and optional velocity 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: a basic consequence of a CDMA radio system is that a terminal near its serving Node B cannot hear other Node Bs on the same frequency. In order to improve the positioning accuracy  the UE should be able to measure more Node Bs. To facilitate this some special means are required;
-	capacity loss: signalling related to position calculation may take capacity from other services. This capacity loss should be minimised.
Based on the results in [29] a solution for the above mentioned hearability problem is the IPDL method. In this method each Node B ceases its transmission for short periods of time (idle periods). Therefore the Node B is configured appropriately by the CRNC using the NBAP protocol [22]. During an idle period of a Node B, terminals within the cell can measure other Node Bs and the hearability problem is reduced. The UEs are made aware of the occurrences of IPDLs by using RRC signalling over the Uu interface [18]. Also, during idle periods the RRC measurements  can be carried out by the UE. Because the IPDL method is based on downlink the location service can be provided efficiently to a large number of terminals simultaneously.
The specification and operation of the IPDL technique are provided in [14] and [26].

[bookmark: _Toc216596196]14.3	RF Pattern Matching network positioning procedures
RF Pattern Matching may be selected when the SRNC receives a PCAP Position Activation Request message indicating the RF Pattern Matching  positioning method from a SAS that is configured to select the positioning method. In the SAS initiated case the RF Parttern  Matching measurement information will be returned to the SAS in a PCAP Position Activation Response message, or – if periodic reporting was requested – in one or more PCAP Position Periodic Report messages as discussed below.
[bookmark: _Toc216596198]14.3.1	SAS based selection of RF Pattern Matching
The following describes the signalling for the optional selection of the RF Pattern Matching positioning procedure by the SAS when the CN has requested UE positioning.
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Figure 9.3: RF Patterrn Matching Signalling Operations for SAS based positioning method selection
1.	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 request from the CN may be a request for on-demand or periodic reporting. The SRNC considers the request and the UTRAN and UE capabilities.
2.	The SRNC forwards the information contained in the RANAP Location Reporting Control message, including any periodic reporting information, plus the Cell ID and UE capability information to the SAS in a PCAP Position Initiation Request message.
3.	The SAS sends a PCAP Position Activation Request message to the SRNC that requests the RF Pattern Matching  positioning method and may also request the UE Rx-Tx timing difference (FDD only) or UE timing advance, TADV, (1.28 Mcps TDD) information from the UE. The PCAP Position Activation Request message may include periodic reporting information (amount of reports and reporting interval).
4.	The SRNC requests from the UE the measurement of the RF Pattern Matching for the signals in the active and neighbourhood sets. The RF Pattern Matching measurement request may include a request for periodic reporting as described in subclause 6.6.4.1.These measurements are made while the UE is in connected mode CELL_DCH state.
5.	If the SAS has requested Rx-Tx timing information, the SRNC requests the UE Rx-Tx timing difference (FDD only) or UE timing advance, TADV, (1.28 Mcps TDD) information from the UE. The measurement request may include a request for periodic reporting as described in subclause 6.6.4.1.
6.	The UE returns requested  measurements to the SRNC. The SRNC receives the measurement  information and co-ordinates obtaining other information to support the calculation request.
7.	The UE returns the UE Rx-Tx timing difference (FDD only) or UE timing advance, TADV, (1.28 Mcps TDD) information to the SRNC, together with a time stamp of when the value was obtained.
8.	The SRNC forward the measurement report information and, if available, the UE Rx-Tx timing measurement report information to the SAS in a PCAP Position Activation Response message.
9.	If there are insufficient measures, or it is otherwise considered advantageous to do so, the SAS requests the RTT (in FDD) or Rx timing deviation (in TDD) and/or angle of arrival (in 1.28 Mcps TDD) measure for the UE from the serving Node B by sending a PCAP Position Activation Request message that requires the SRNC to execute the Cell ID positioning method toward the UE being positioned.
10.	The Node B returns the RTT (in FDD) or Rx Timing Deviation (in TDD) and/or angle of arrival (in 1.28 Mcps TDD) measures to the SRNC if they were requested.
11.	The SRNC forwards Cell ID and RTT (in FDD) or Rx timing deviation and UE timing advance (in TDD) information and angle of arrival information (1.28 Mcps TDD) to the SAS in a PCAP: Position Activation Response message. 
12.	The SAS performs the RF Pattern  Matching position calculation. If periodic reporting was not requested in step 1, the SAS forwards the position information to the SRNC in a PCAP: Position Initiation Response message. If periodic reporting was requested in step 1, the SAS forwards the position information to the SRNC in a PCAP Position Periodic Result message. The calculation may include a co-ordinate transformation to the geographic system requested by the application. The position estimate includes the position and the estimated accuracy of the results. The optional velocity estimate may also include an estimated accuracy.
13.	The SRNC passes the position estimate to the CN including, if available, the positioning method (or the list of the methods) used to obtain the position and optional velocity estimate. If the CN has requested accuracy for the position estimate, the Location response shall include an indication whether the position estimate satisfies the requested accuracy or not.
14.	If periodic UE reporting was requested in step 4 or 5, the UE continues to send RF Pattern Matching measurements or UE Rx-Tx timing difference (FDD only) or UE timing advance, TADV, (1.28 Mcps TDD) information to the SRNC, together with a time stamp of when the value was obtained, one reporting interval after the previous measurement report. The SRNC forwards the measurement report information and, if available, the UE Rx-Tx timing measurement report information to the SAS in a PCAP Position Periodic Report message. The SRNC may aggregate the measurement report information and the UE Rx-Tx timing measurement report information, if both are received from the UE in separate RRC messages, into the same PCAP Position Periodic Report message or may send this information in two separate PCAP Position Periodic Report messages. Steps 9 to 12 may be repeated for each new position estimate, and the SAS performs RF Pattern Matching based or Cell ID based position calculation and forwards each new position information to the SRNC in a PCAP Position Periodic Result message. The SRNC passes the new position estimate to the CN including, if available, the positioning method (or the list of the methods) used to obtain the position and optional velocity estimate. If the CN has requested accuracy for the position estimate, the Location response shall include an indication whether the position estimate satisfies the requested accuracy or not. This step 14 is repeated until the desired amount of reports has been attained or the procedure is cancelled by the CN or UTRAN. The SAS may send the final location estimate in a PCAP Position Initiation Response message to the SRNC, and the SRNC forwards the final location information to the CN.
15.  If periodic UE reporting was not requested in step 4 or 5, but was requested in step 2, the SAS may repeat the steps 3 to 13 as for the first request until the desired amount of reports has been attained or the procedure is cancled by the CN or UTRAN. When repeating step 12 for the final request, the SAS returns the resulting final position estimate to the SRNC in a PCAP: Position Initiation Response message.
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