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3.2
Abbreviations

For the purposes of the present document, the following abbreviations and the abbreviations given in 3GPP TS 21.905 apply.

2G-
Second Generation

3G-
Third Generation

A
Interface between GERAN BSS and MSC

A-GNSS
Assisted GNSS

A-GPS
Assisted GPS

ATD
Absolute Time Difference

BSSLAP
Base Station System Application Part

BSSAP-LE
Base Station System Application Part LCS Extension

CBC-BSC
Interface between CBC and BSC

CBC-SMLC
Interface between CBC and SMLC

D-GPS
Differential GPS

E-OTD
Enhanced Observed Time Difference

GNSS
Global Navigation Satellite System (e.g. GPS, Galileo)

Iu
Interface between GERAN BSS and 3G Core Network

Iu-cs
Interface between GERAN BSS and 3G MSC

Iu-ps
Interface between GERAN BSS and 3G SGSN

Gb
Interface between GERAN BSS and SGSN

Lb
Interface between  SMLC and BSC

LCCF
Location Client Control Function

LCF
Location Client Function

LSBcF
Location System Broadcast Function

LSCF
Location System Control Function

LSOF
Location System Operation Function

PCF
Position Calculation Function

PRCF
Positioning Radio Co-ordination Function

PRRM
Positioning Radio Resource Management

PSMF
Positioning Signal Measurement Function
RFPM
Radio Frequency Pattern Matching
RIT
Radio Interface Timing

RRLP
Radio Resource Link Protocol

RTD
Real Time Difference

SMSCB

Short Message Service Cell Broadcast

SMLCPP
Serving Mobile Location Center Peer Protocol

TA
Timing Advance

UDT
SCCP Unitdata message

Um
GERAN Air Interface

UTC
Universal Coordinated Time

U-TDOA
Uplink Time Difference of Arrival
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4
Main concepts

A general description of location services and the service requirements is given in the specification 3GPP TS 22.071. By measuring radio signals the capability to determine the geographic location of the mobile station (MS) shall be provided. The location information may be requested by and reported to a client (application) associated with the MS, or by a client within or attached to the Core Network. The location information may also be utilised internally by GERAN, for example to support features such as home location billing. The location information shall be reported in standard formats, such as those for cell based or geographical coordinates of the location of the MS.

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

Five positioning mechanisms are supported for LCS: Timing Advance (TA), Enhanced Observed Time Difference (E‑OTD), Global Navigation Satellite System (GNSS) based positioning (A-GNSS, Uplink Time Difference Of Arrival (U-TDOA) and Radio Frequency Pattern Matching (RFPM).

4.1
Assumptions

-
SMLC is either an integrated functionality in BSS or a standalone network element within GERAN. 

-
LMU is either an integrated functionality in BTS (Type B LMU) or a standalone network element (Type A LMU) where communication is over the Um interface.

4.2
Standard LCS Methods

4.2.1
Timing Advance

The TA is based on the existing Timing Advance (TA) parameter. The TA value is known for the serving BTS. To obtain TA values in case the MS is in idle mode a special procedure, not noticed by the GSM subscriber (no ringing tone), is set up. The cell-ID of the serving cell and the TA is returned as the result of the TA.

TA may be used to assist all positioning mechanisms.

4.2.2
Enhanced Observed Time Difference (E-OTD) positioning mechanism

The E-OTD method is based on measurements in the MS of the Enhanced Observed Time Difference of arrival of bursts of nearby pairs of BTSs. For E-OTD measurement synchronization, normal and dummy bursts are used. When the transmission frames of BTSs are not synchronized, the network needs to measure the Real or Absolute Time Differences (RTDs or ATDs) between them. To obtain accurate trilateration, E-OTD measurements and, for non‑synchronized BTSs, RTD or ATD measurements are needed for at least three distinct pairs of geographically dispersed BTSs. Based on the measured E-OTD values the location of MS can be calculated either in the network or in the MS itself, if all the needed information is available in MS.

4.2.3
Global Navigation Satellite System (GNSS) based positioning mechanism

Global Navigation Satellite System (GNSS) refers to satellite systems that are set up for positioning purposes. Systems belonging to this category, that are operational today or will be in the near future are e.g.,  GPS, Galileo, Satellite Based Augmentation Systems (SBAS), Modernized GPS, Quasi Zenith Satellite System (QZSS) and GLONASS.

A mobile station with GNSS measurement capability may operate in an autonomous mode or in an assisted mode for example MS-assisted or MS-based mode. In autonomous mode MS determines its position based on signals received from GNSS without assistance from network. In assisted mode, MS receives assistance data from network. MS may support one or several GNSSs and the assistance data content may vary depending on this capability.

A-GNSS refers to a concept which supports several global navigation satellite systems and their different navigation signals, including e.g. GPS, Galileo, Satellite Based Augmentation Systems (SBAS), Modernized GPS, Quasi Zenith Satellite System (QZSS) and GLONASS. The assistance data shall enable combined usage of satellite signals belonging to different GNSS or simple usage of one GNSS system independently from the other.

4.2.4
Uplink Time Difference of Arrival (U-TDOA) positioning mechanism

The U-TDOA positioning method is based on network measurements of the Time Of Arrival (TOA) of a known signal sent from the mobile and received at three or more LMUs. The known signal is the normal bursts generated by a mobile while in the dedicated mode; either on the SDCCH or TCH. The method requires LMUs in the geographic vicinity of the mobile to be positioned to accurately measure the TOA of the bursts.  Since the geographical coordinates of the measurement units are known, the mobile position can be calculated via hyperbolic trilateration.  This method will work with existing mobiles without any modification.
4.2.5
Radio Frequency Pattern Matching (RFPM) positioning mechanism

RFPM represents a family of positioning methods that locate a MS in an area by pattern matching its RF measurements against a detailed georeferenced model of the RF environment for that area. The RF parameters measured by the MS could be serving cell identity, reference signal strengths for serving and neighbouring cells, timing advance measurements, mobile and base station transmit power levels, etc. The details of how the georeferenced model of the RF environment is created and its database structure vary based on the implementation. This method will work with all existing MS without any modification.
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9.6
RFPM Positioning Procedures

9.6.0
General

Following the receipt of a location request message from the BSC, the RFPM capable SMLC interrogates the BSS for measurement, timing, and power information associated with the MS to be located.  The SMLC uses this information to correlate to the RF model for that area.
9.6.1
RFPM Positioning in CS Domain for A/Gb-mode

9.6.1.1
General Procedures

The RFPM location method uses standard mobile and network measurement information to determine position of the MS being located.  

9.6.1.2
CS RFPM Messages and Procedures on the Lb Interface

The following section describes the positioning procedure for CS RFPM location determination on the Lb interface. 


[image: image1]
Figure 38: 
CS RFPM Positioning Procedure

1. The SMLC sends a BSSMAP-LE Connection Oriented Information message to the BSC that contains the embedded BSSLAP RFPM Request message. The RFPM Request message may contain the delta timer value. The BSC starts the delta timer, received or internal, immediately after sending the RFPM Response message to the SMLC. The purpose of this timer is to define the maximum time during which the BSC supervises the location request.

2. The BSC sends a BSSMAP-LE Connection Oriented Information message to the SMLC that contains the embedded BSSLAP RFPM Response message. The RFPM Response message contains the measurement information, the BS power, the MS power, the cell identifier, and the TA.
9.6.1.3 
BSC Error Handling during CS RFPM Positioning Procedure


In Table 9.6.1, all identified RR procedures are listed that result in the BSSLAP Abort message to be sent from the BSC to the SMLC. The Abort message is only sent if the RFPM location determination is not complete. The BSC considers the location determinations complete if; it receives a BSSAP-LE Perform Location response message; or the delta timer expires; or it receives a valid BSSLAP message for a new positioning method.

Table 9.6.1: RR Procedures resulting in BSC Error Handling

	RR Procedure in Dedicated Mode
	Treatment

	Handover procedure (inter-BSS).
	Abort 

	Handover to UTRAN procedure.
	Abort

	Handover to CDMA2000 procedure.
	Abort

	RR connection release procedure.
	Abort


If the BSC receives the BSSLAP RFPM Request message during one of the identified RR procedures in Table 9.6.1, it will respond with the BSSLAP Abort message.

If the BSC is unable to perform the RFPM positioning for other reasons than those related to the items listed in Table 9.6.1, it will respond to the BSSLAP RFPM Request message with the BSSLAP Reject message.

9.6.2
RFPM Positioning in PS Domain for A/Gb-mode

Implementation of the RFPM location method in the Packet Switched domain is the same as the Circuit Switched domain.  If Network Measurment information is not available in the packet switched mode, the SMLC shall fall-back to an alternative location method, as is he case with other location methods (e.g., failure to obtain an A-GPS location).
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