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	*** First Change ***


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

BDS
BeiDou Navigation Satellite System

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

MTA
Multilateration Timing Advance

PCF
Position Calculation Function

PRCF
Positioning Radio Co-ordination Function

PRRM
Positioning Radio Resource Management

PSMF
Positioning Signal Measurement Function

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

	*** Next Change ***


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 Multilateration Timing Advance (MTA)
	*** Next Change ***


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), GLONASS and BDS.

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), GLONASS and BDS. 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
Multilateration Timing Advance 
This positioning method is based on one or more BSS acquiring Timing Advance (TA) information from a set of cells selected by the MS wherein the MS is triggered to perform MTA as a result of receiving a RRLP message from an SMLC indicating the MTA positioning method is to be used (see sub-clause 9.6.1). The MS sends an access request indicating “Multilateration Timing Advance” in each of the cells it selects for performing the Multilateration Timing Advance procedure.
	*** Next Change ***


5.5.2
SMLC

The SMLC is either a separate network element of GERAN or integrated functionality in BSC that contains functionality required to support LCS.  The SMLC manages the overall co-ordination and scheduling of resources required for the location of a mobile. It also calculates the final location and velocity estimate and estimates the achieved accuracy.  The SMLC may control a number of LMUs for the purpose of obtaining radio interface measurements to locate or help locate MS subscribers in the area that it serves. The SMLC is administered with the capabilities and types of measurement produced by each of its LMUs (only applicable for positioning methods that makes use of LMUs).

	*** Next Change ***


5.5.4
LMU

The LCS Measurement Unit (LMU) entity makes measurements (e.g. of radio signals) and communicates these measurements to the SMLC (e.g. the PRCF). The LMU contains a PSMF and may also perform calculations associated with the measurements.  The LMU may make its measurements in response to requests (e.g. from the SMLC), or it may autonomously measure and report regularly (e.g. timing of BTS transmissions) or when there are significant changes in radio conditions (e.g. changes in the RTD).  There may be one or more LMUs associated with the SMLC and an LCS request may involve measurements by one or more LMUs. LMU functionality may be integrated in a BTS. The MTA positioning method does not make use of LMUs.
An LMU makes radio measurements to support one or more positioning methods; these assistance measurements are specific to all MSs in a certain geographic area.  All location and assistance measurements obtained by an LMU are supplied to the SMLC associated with the LMU. Instructions concerning the timing, the nature, and any periodicity of these measurements are either provided by the SMLC or are pre-administered in the LMU.

The following assistance measurement obtained by an LMU has a generic status usable by more than one position method:

-
Radio Interface Timing measurements – comprise Absolute Time Differences (ATDs) or Real Time Differences (RTDs) of the signals transmitted by Base Stations, where timing differences are measured relative to either some absolute time difference (ATD) or the signals of another Base Station (RTD).

	*** Next Change ***


8.1a
Information Transfer between an SMLC and a Target MS in the PS Domain in A/Gb mode

An SMLC uses the procedure shown below in order to obtain the MS position or positioning measurements from a target MS or transfer location assistance information to a target MS in the PS domain after a request has been received from the BSS serving the target MS.
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Figure 16a: Information Transfer between an SMLC and a Target MS in PS Domain

1)
The SMLC passes a BSSAP-LE Connection Oriented Information message to the serving BSS containing an embedded BSSLAP MS Position Command with an RRLP message parameter. The message is transferred using the SCCP connection established between the SMLC and BSS for positioning the target MS. If the RRLP message is larger than the RRLP maximum PDU size, RRLP pseudo-segmentation shall be used. The SMLC shall indicate in the positioning command bit in the RRLP flags IE in the BSSLAP MS Position Command whether the embedded RRLP message contains a positioning command versus a non-command – e.g. positioning assistance data.

2)
The BSS relays the embedded RRLP message and the RRLP flags IE to the SGSN inside a BSSGP Position Command message. When the BSSGP Position Command message has been transferred, the BSS shall start a positioning supervision timer if not already in progress or restart if the timer is already in progress. If the timer expires before the final response in step 5 is received, the BSS shall return a BSSAP-LE Connection Oriented Information message to the SMLC containing a BSSLAP Abort with a cause of BSS timeout.

3)
The SGSN receives the RRLP message in the BSSGP Position Command message and relays it to the MS in an LLC UI frame. The TOM protocol with SAPI TOM8 is used for transfer of RRLP messages. The positioning command bit from the RRLP flags IE in the BSSGP message is also relayed using the C/R bit in the TOM header (see 3GPP TS 44.031 [15]). The received C/R bit may be ignored by the MS or used for implementation purposes.

4)
When the target MS has positioning information to return to the SMLC, it sends an LLC UI Frame to the SGSN containing an embedded RRLP message. The TOM protocol is used for transfer of RRLP messages. If the RRLP message is larger than the RRLP maximum PDU size, RRLP pseudo-segmentation shall be used. If the RRLP pseudo-segmentation is used, the MS shall send several RRLP messages. In each message the MS shall indicate in the C/R bit in the TOM protocol header whether it is the final response or not. The final response shall be the last RRLP message that the MS expects to send in response to RRLP messages received so far from the SMLC. In the final message the MS shall indicate that it is the final response by setting the appropriate RRLP flag. For the MTA positioning method the MS does not send a RRLP message in response to the RRLP message it receives in step 3.
5)
The SGSN relays the RRLP message to the BSS. The RRLP message is sent in a BSSG Position Response message. The C/R bit from the TOM header is relayed using the final response bit in the RRLP flags IE in the BSSGP message.

6)
If the timer started in step 2 has already expired, the BSS discards the RRLP message received in step 5. Otherwise, the BSS relays the RRLP message and the RRLP flags IE to the SMLC inside a BSSLAP MS Positioning Response message contained in a BSSAP-LE Connection Oriented Information message. If the SMLC indicated a positioning command in the most recent message to be transferred in step 1 and the MS has indicated a final response, the BSS may add additional measurement information to the BSSLAP MS Position Response in the last BSSAP-LE message. The BSS shall stop the supervision timer started in step 2 when the final response from the MS has been transferred. The SMLC may transfer a further RRLP message to the MS (e.g. containing assistance data or a positioning command) according to steps 1, 2, and 3 and the MS may return a subsequent response according to steps 4, 5, and 6. Steps 4-6 are repeated if the RRLP pseudo-segmentation is used for the uplink message.

	*** Next Change ***


8.2
Information Transfer between an SMLC and a BSC

An SMLC uses the procedure shown below in order to obtain positioning related information from the BSC serving a particular target MS after a positioning request has been received from the BSC. This procedure applies to positioning of an MS in both the CS and the PS domains.
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Figure 17: Information Transfer between an SMLC and a BSC

1)
The SMLC passes a BSSAP-LE Connection Oriented Information message to the BSC containing an embedded BSSLAP message. The BSSAP-LE message is transferred using the SCCP connection previously established between the SMLC and BSC when the positioning request for the target MS was initially sent to the SMLC. The BSC recognizes that it is the final destination due to the presence of the embedded BSSLAP message.

2)
When the BSC has positioning information for the target MS to return to the SMLC, it sends a BSSAP-LE Connection Oriented Information message to the SMLC containing an embedded BSSLAP message. The message is sent using the SCCP connection previously established for positioning the target MS. For the MTA positioning method the BSC may not include an embedded BSSLAP message in the BSSAP-LE Connection Oriented Information message it sends to the SMLC. 
	*** Last Change ***


9.6
MTA Positioning Procedures 
9.6.1
General procedure

This positioning method is based on one or more BSS acquiring Timing Advance (TA) information from a set of cells selected by the MS wherein the MS is triggered to perform MTA as a result of receiving a RRLP message from an SMLC indicating the MTA positioning method is to be used. The RRLP message may include network assistance information that indicates one or more suitable neighbour cells, including which of the indicated neighbour cells are co-sited cells, targeted positioning accuracy in the form of number of cells involved, required MS Transmission Accuracy,  neighbour cell specific RACH/EC-RACH control parameters  as well as as an assignment of a Short ID to be used during the TA estimation procedure. Based on signal strength the MS autonomously selects which subset of the cells identified by the network assistance information (if any) to use for MTA and may also select one or more additional cells not identified within the triggering RRLP message to perform MTA. In each of the selected cells the MS performs packet access for the BSS to be able to estimate a TA value for that particular cell. All TA estimations made by a BSS for any given MS performing MTA are relayed to the serving SMLC along with the identity of the reporting cell thereby allowing the SMLC to estimate the position of the target MS. The MTA procedure is only applicable for the PS domain in A/Gb-mode.
9.6.2
Multilateration Timing Advance Request
The signalling flow is generic irrespective if the MS is in Packet Idle or Packet Transfer mode. If the MS is in Packet Idle mode, the SGSN initiates paging towards the MS and indicates in the page that the device is being paged for positioning. This triggers the MS to start the cell re-selection procedure unless a cell re-selection has been performed up to 60 seconds prior to receiving the paging request message indicating paging for positioning method, selects the “best” cell, and send a page response to the SGSN. The signaling flow in Figure 38 below applies to integrated and standalone SMLCs in a packet switched network. 
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Figure 38: MTA positioning procedures in the PS domain

1. 
The SGSN sends a BSSGP PERFORM-LOCATION-REQUEST to the BSC serving the MS. 
2.
The BSC sends the SMLC a BSSMAP-LE Perform Location Request message that includes the LCS capability IE and the BSS Multilateration Capabiliity IE. If available, the BSC also includes the cell-ID and TA value of the serving cell.  
3.
Based on the serving cell the SMLC includes assistance data, if any, in an RRLP MULTILATERATION REQUEST message and sends the message to the MS (tunnelled via the BSS and the SGSN, see sub-step below and sub-clause 8.1a for the general description).
3a.
The SMLC passes a BSSAP-LE Connection Oriented Information message to the serving BSS containing an indication of the type of Multilateration method, a Multilateration Positioning Method timer and an embedded BSSLAP MS Position Command with an RRLP message parameter including the RRLP MULTILATERATION REQUEST message.  
3b. The BSS relays the embedded RRLP message and the RRLP flags IE to the SGSN inside a BSSGP Position Command message. When the BSSGP Position Command message has been transferred, the BSS shall start a Multilateration supervision timer for the associated SCCP connection corresponding to the value indicated by the Multilateration Poisitioning Method timer field and upon expiery release the connection. 
3c. The SGSN receives the RRLP message in the BSSGP Position Command message and relays it to the MS in an LLC UI frame. 
4. 
The RRLP application in the MS examines the RRLP MULTILATERATION REQUEST message and if assistance data is present uses the assistance data to autonomously select which subset of these sets of cells it shall use to perform Multilateration. The MS may also select one or more additional cells not provided by the RRLP MULTILATERATION REQUEST message. 
5. 
The MS sends an access request indicating “Multilateration Timing Advance” in the serving cell and in each of the cells it selects for performing the Multilateration Timing Advance procedure.  
· New SI and EC-SI information shall indicate whether or not a cell supports the Multilateration Timing Advance procedure using either the RLC Data Block Transmission method or the Extended Access Burst method. This indication may also be included for each of the cells identified by the assistance information sent to the MS in the Multilateration RRLP message.

· The inclusion of a Short ID for one or more cells in the assistance information included within the Multilateration Timing Advance Request RRLP message indicates the MS is to use Extended Access Burst method when performing Multilateration Timing Advance for those cells (if they are used in the procedure). In the absence of Short ID information for any cell the MS selects for performing Multilateration Timing Advance, it shall use the RLC Data Block Transmission method therein.

· When performing the Multilateration Timing Advance procedure using the RLC Data Block Transmission method a MS sends a single MCS-1 coded RLC data block that conveys the MS identity (TLLI), “Source Identity” information (i.e. the “Cell Identity” and “Location Area Code”  (LAC) received in EC-SI2/SI13 of the cell in which it was triggered to perform Multilateration) and “MS Transmission Accuracy” (applicable to when it transmitted the RLC data block). The RLC data block sent during the Multilateration Timing Advance procedure does not contain an LLC PDU.

· When performing the Multilateration Timing Advance procedure using the Extended Access Burst method a MS sends an extended access burst wherein the payload space conveys the MS identity (Short ID) and “MS Transmission Accuracy” (applicable to when it transmitted the extended access burst). The Extended Access Burst method is only used for cells belonging to the serving BSS. 

6.
If the BSS has a context for the indicated MS Identity (Short ID or TLLI) i.e. it triggered the current Multilateration Timing Advance procedure for the indicated MS Identity) it realizes it is the serving BSS and sends its default SMLC a “BSSMAP-LE Connection Oriented Information” message containing “Multilateration Timing Advance”, “MS Transmission Accuracy”, “BTS Reception Accuracy Level” and “Cell Identifer” information. 

If the BSS has no context for the indicated MS Identity, it realizes it is a non-serving BSS and sends the MSC a “BSSAP-LE Connectionless Information” message. The MSC then forwards the “BSSAP-LE Connectionless Information” message to the serving BSS (identified by the “Network Element Identity (target)” IE in the “BSSAP-LE Connectionless Information” message). The serving BSS then sends its default SMLC a “BSSMAP-LE Connection Oriented Information” message containing “Multilateration Timing Advance”, “MS Transmission Accuracy”, “BTS Reception Accuracy Level”  and “Cell Identifer” information. 
7. 
The serving SMLC collects all “TA Information”, “MS Transmission Accuracy”, “BTS Reception Accuracy Level” and “Cell Identifier” information associated with a given MS  for up to the length of the Multilateration Positioing Method timer after triggering the Multilateration Timing Advance procedure for that MS and then determines the location. 

8.
The SMLC then sends the serving BSS a “BSSMAP-LE Perform Location Response” message and includes the determined location information in the “Location Estimate” IE.
9.
The serving BSS sends the SGSN a “BSSGP PERFORM-LOCATION-RESPONSE PDU” message that includes the identified MS location in the “Location Estimate” IE.
9.6.3
Error Handling for MTA
Case 1:
When the SMLC sends the BSSAP-LE Connection Oriented Information message containing the RRLP Multilateration Request messages to the BSS and the BSS cannot support the procedure it will send a BSSLAP reject message to the SMLC.
Case 2:
When the BSC forwards the RRLP Multilateration Request message in an BSSGP Position Command message the Multilateration supervision timer is started. After this, if the BSS determines that the current location procedure cannot be continued, the BSS sends an abort message to the SMLC. The determination that an MS reselection to a new cell has occurred is not a reason for the BSS to abort the procedure.

Case 3:
If the Multilateration supervision timer times out in BSS before any “Multilateration Timing Advance”, “MS Transmission Accuracy”, “BTS Reception Accuracy Level” and “Cell Identifer” information for the target MS is sent to the SMLC, the BSS shall send a BSSLAP Abort to the SMLC. The location service attempt may then be restarted from the LCS Client, VMSC, or SGSN.
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Figure 39: Error Handling for the SMLC in PS domain
9.6.4
Provisioning of assistance data
The MS is triggered to perform the Multilateration Timing Advance procedure through reception of a new Multilateration Timing Advance Request RRLP message sent by the SMLC where the MS is assumed to be in the best serving cell upon reception of the RRLP message. The Multilateration Timing Advance Request RRLP message may include network assistance information that consists of multiple sets of cells which the MS may take into account when performing Multilateration Timing Advance. Additional assistance information may also be included in the Multilateration Timing Advance Request RRLP message and may be generated by the SMLC using implementation specific methods or acquired from the serving BSS. Some examples of additional assistance information include information about suitable neighbour cells, an indication of which of the indicated neighbour cells are co-sited cells, requested accuracy of the positioning procedure in the form of number of cells involved, required MS Tranmission accuracy, neighbour cell specific RACH/EC-RACH control parameters as well as an assignment of a Short ID to be used during the TA estimation procedure. The MS autonomously selects the set of cells to use for performing the Multilateration Timing Advance procedure which may include a subset of the cells identified by the assistance information. The sending of assistance data improves the location accuracy for the Multilateration Timing Advance procedure and decreases the energy consumed in the MS to perform the positioning.
	*** End of Changes ***


