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3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document the following terms and definitions apply and the terms and definitions given in 3GPP TS 22.101.

A/Gb mode: see 3GPP TS 43.051 [11].

Iu mode: see 3GPP TS 43.051 [11].

LCS (LoCation Services): LCS is a service concept in system standardisation. LCS specifies all the necessary network elements and entities, their functionality, interfaces, as well as communication messages, necessary to implement the positioning functionality in a cellular network.

NOTE 1:
LCS does not specify any location based (value added) services except locating of emergency calls.

LCS Client: 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).

LCS Server: software 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.

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

Velocity Estimate: speed and bearing of an MS and/or valid Mobile Equipment (ME), expressed as speed in kilometres per hour and bearing in degrees measured clockwise from North.

Mobile Assisted positioning: any mobile centric positioning method (e.g. E-OTD, GPS) in which the MS provides position measurements to the network for computation of a location estimate by the network. The network may provide assistance data to the MS to enable position measurements and/or improve measurement performance.
Mobile Based positioning: any mobile centric positioning method (e.g. E-OTD, GPS) in which the MS performs both position measurements and computation of a location estimate and where assistance data is useful or essential to one or both of these functions is provided to the MS by the network. Position methods where an MS performs measurements and location computation without network assistance data are not considered within this category.
Mobile Station: consists of Mobile or User Equipment (ME or MS) with a valid SIM or USIM attached

= = = = = = = End of First Section Changed = = = = = = =

= = = = = = = 2nd Section Changed = = = = = = =

5.3.3
Positioning group

5.3.3.1
GERAN Position Radio Co-ordination Function (PRCF)

The GERAN Position Radio Control Function manages a location request for a MS through overall co-ordination and scheduling of resources to perform location measurements. This function interfaces with the PSMF, the PRRM and the PCF. The PRCF determines the location method to be used based on the location request, the QoS, the capabilities of the GERAN, and the MS's capabilities. The PRCF also manages the needed radio resources through the PRRM. It determines which PSMFs are to be involved, what to measure, and obtains processed signal measurements from the PSMF.

Some location methods may involve measurements made at the MS. In this case the PRCF interfaces with the MS to obtain the measurements (or the location results if they have been determined by the MS). Some location methods may involve measurements or information from several sources, including radio units at several BTSs and involve a series of transmissions and receptions. The PRCF entity also provides ancillary measurements in case of network-assisted location method. Ancillary information may be extracted from navigating systems like GPS.

The PRCF forwards the signal measurement data to the PCF.

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

5.3.3.2
GERAN Position Calculation Function (PCF)

The GERAN Position Calculation Function is responsible for calculating the location of the MS. This function applies an algorithmic computation on the collected signal measurements to compute the final location estimate and accuracy.
The PCF would also be responsible for calculating the speed and bearing of the MS when reported.  This function applies an algorithmic computation on the collected signal measurements to compute the final velocity estimate and uncertainty.
It may obtain related data (e.g.: base station geographic coordinates) needed for the calculation. There may be more than one calculating function available within, or associated with, the calculation function of the GERAN.

The Position Calculation Function is also responsible for estimating the accuracy of the location estimate.

5.3.3.3
GERAN Position Signal Measurement Function (PSMF)

The GERAN Position Signal Measurement Function (PSMF) is responsible for performing and gathering uplink or downlink radio signal measurements for use in the calculation of a MS's location and velocity. These measurements can be location related or ancillary.

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

= = = = = = = End of 2nd Section Changed = = = = = = =

= = = = = = = 3rd Section Changed = = = = = = =

5.4
Assignment of LCS Functional Entities to GERAN Elements

The following Table 1 shows 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 and velocity 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 network. On the other hand, in case mobile-based or network-assisted methods are used these entities should be allocated to the mobile station.

= = = = = = = End of 3rd Section Changed = = = = = = =

= = = = = = = 4th Section Changed = = = = = = =

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.

= = = = = = = End of 4th Section Changed = = = = = = =

= = = = = = = 5th Section Changed = = = = = = =

7.1.1.2
LOCATION State

This state exists after the SMLC has received a location request from a BSC and persists while the SMLC is obtaining position measurements for a particular positioning method until such time as positioning measurements have been received and a location estimate (with optional velocity estimate) has been computed and returned to the BSC.

= = = = = = = End of 5th Section Changed = = = = = = =

= = = = = = = 6th Section Changed = = = = = = =

7.1.2.2
LOCATION Timer Function

The SMLC runs a timer while in the LOCATION state to limit the total amount of time that positioning can be active. This timer should be related to any response time indicated in the location request QoS parameters. If the timer expires before a final location estimate has been produced, the SMLC either returns the best existing location estimate (with optional velocity estimate) to the BSC (e.g. an estimate based on the current cell ID) or returns a failure indication. It then re-enters the NULL state.

= = = = = = = End of 6th Section Changed = = = = = = =

= = = = = = = 7th Section Changed = = = = = = =

8.5.1
Procedures in the SMLC

When a request for a location estimate fails due to failure of a position method itself (e.g. due to inaccurate or insufficient position measurements and related data) and the SMLC is unable to instigate another positioning attempt (e.g. due to a requirement on response time), the SMLC may return a BSSAP-LE Perform Location response containing a less accurate location estimate (e.g. based on serving cell and timing advance). If a less accurate estimate is not available, the SMLC shall instead return a BSSAP-LE Perform Location response message containing no location estimate and indicating the cause of failure. 

When a request for any other location service (e.g. transfer of assistance data to a target MS) fails for any reason and the SMLC is unable to reattempt the service, the SMLC shall return a BSSAP-LE Perform Location response message indicating the cause of failure.

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

If the SMLC receives a BSSAP-LE Perform Location Abort indication for a previous location service request from the BSS, it shall immediately terminate the location service attempt and may abort any dialogues used for the location service attempt that may still exist with any LMUs.  The circumstances of the abort may still ensure cancellation of any such procedure (see clause on BSS). For a BSSAP-LE Perform Location Abort, the SMLC shall then either return any location estimate (with optional velocity estimate) already derived, if this was requested, or return a BSSAP-LE Perform Location response indicating failure of the location service and the cause of the failure in the BSSAP-LE Perform Location Abort.

If the SMLC has instigated any location related procedure in the Target MS or its serving BSS and receives a BSSLAP Reject, BSSLAP Abort or BSSLAP Reset indication from the BSS, it shall cancel the location service attempt and may abort any dialogues for this that currently exist with any LMUs. For a BSSLAP Abort, the SMLC shall then either return any location estimate (with optional velocity estimate) already derived, if this was requested and is sufficient for the requested QoS, or return a BSSAP-LE Perform Location response indicating failure of the location service and the cause of the failure in the BSSLAP Abort. For a BSSLAP Reject and BSSLAP Reset, the SMLC has the additional option of restarting the location service attempt and using the same or a different position method where a location estimate was requested. A decision to restart the location service shall take into account the cause of the location service failure as conveyed in the BSSLAP Reject or BSSLAP Reset and whether, in the case of successful intra-BSC handover, the new cell for the target MS is still associated with the SMLC. If the SMLC receives a BSSLAP Reject or BSSLAP Reset with a cause indicating intra-BSC handover and with a new cell identity for the target MS that is not associated with the SMLC, the SMLC shall return a BSSAP-LE Perform Location response containing either a location estimate (with optional velocity estimate), if requested and available, or a failure cause indicating "intra-BSC" handover.

NOTE:
In the CS domain, in the case of an intra-BSC handover to a cell in a different PLMN (different MCC, MNC combination), the SMLC may receive a BSSLAP Reset containing the new location area code and new cell ID. The SMLC may then deduce the new MCC and MNC from the uniqueness, when this applies, of the combined values for the new location area code and cell ID compared to the corresponding values for neighbouring cells.

= = = = = = = End of 7th Section Changed = = = = = = =

= = = = = = = 8th Section Changed = = = = = = =

9.1.1
Core Network Position Procedure Initiation over the A interface

This procedure is used by the Core Network to start the positioning procedure in GERAN over the A interface.

[image: image1.wmf]
Figure 26: Positioning Procedure Initiation Over A Interface

1)
The MSC sends the BSSAP Perform Location Request message on the existing SCCP connection for the target MS to request the BSC to start the positioning procedure. The Location Type is always included. Depending on the type of location request, additional parameters may be included to provide the Cell Identifier, Classmark Information Type 3, LCS Client Type, Chosen Channel, LCS Priority, Quality of service, GPS Assistance Data, and APDU.2.) 

2)
The common positioning procedures for CS domain are executed (see below).

3)
The BSC sends the BSSAP Perform Location Response message to the MSC. A location estimate, velocity estimate, positioning data, deciphering keys, or LCS Cause may be included.

= = = = = = = End of 8th Section Changed = = = = = = =

= = = = = = = 9th Section Changed = = = = = = =

9.1.3
Core Network Position Procedure Initiation over the Gb interface

This procedure is used by the Core Network to start the positioning procedure in GERAN over the Gb interface.

[image: image2.wmf]
Figure 27a: Positioning Procedure Initiation Over Gb Interface

1) The SGSN sends the BSSGP Perform Location Request message to request the BSS to start the positioning procedure. The TLLI, IMSI, DRX Parameters, Current BVCI for the MS, Current NSEI for the MS, Location Type, Current Cell Identifier, and LCS Capability IEs are always included. The IMSI, DRX Parameters, Current BVCI for the MS, Current NSEI for the MS shall be stored in the SCCP signaling context towards the SMLC for potential use in a TA Request procedure later on. Depending on the type of location request, additional parameters may be included in the BSSGP Perform Location Request message to provide LCS Client Type, LCS Priority, LCS Quality of Service, and GPS Assistance Data.

2) The common positioning procedures for PS domain are executed (see clause 9.2.1).

3) The BSS sends the BSSGP Perform Location Response message to the SGSN. The TLLI and the BVCI identifying the cell from which the last LLC PDU was received from the MS are always included. A location estimate, velocity estimate, positioning data, deciphering keys, or LCS Cause may be included.

= = = = = = = End of 9th Section Changed = = = = = = =

= = = = = = = 10th Section Changed = = = = = = =

9.1.4
Positioning Procedure Initiation from Core Network (Iu mode)

This procedure is used by the Core Network to start the positioning procedure in GERAN Iu mode. This procedure is used when the source node in the Core Network is the 3G-MSC (Iu-cs interface) or when the source node in the Core Network is the 3G-SGSN (Iu-ps interface).

[image: image3.wmf]
Figure 27b: Positioning Procedure Initiation from Core Network (Iu mode)

1) The MSC/SGSN sends the Location Reporting Control message on the existing SCCP connection for the target MS to request the BSC to start the positioning procedure. The Location Type is always included. Depending on the type of location request, additional parameters may be included to provide LCS Client Type, LCS Priority, Quality of service, and GPS Assistance Data.. 

2) The Positioning Procedure for Iu mode is executed (see below).

3) The BSC sends the Location Report message to the MSC/SGSN. A location estimate (with optional velocity estimate), or LCS Cause may be included.

= = = = = = = End of 10th Section Changed = = = = = = =

= = = = = = = 11th Section Changed = = = = = = =

9.2
Common Positioning Procedure for CS Domain in A/Gb mode

This procedure is common to all positioning methods in the CS domain. 

[image: image4.wmf]
Figure 28: Common Positioning Procedure for CS Domain

1)
The BSC sends the BSSAP-LE Perform Location Request message to request the SMLC to start the positioning procedure.

2)
If location information is requested and the location accuracy within the QoS, if provided, can be satisfied by the reported cell ID and, if available, TA value, the SMLC may send a BSSAP-LE Perform Location Response message immediately. Otherwise, the SMLC determines the positioning method and instigates the particular message sequence for this method defined in subsequent clauses. If the position method returns position measurements, the SMLC uses them to compute a location estimate (with optional velocity estimate). If there has been a failure to obtain position measurements, the SMLC may use the current cell ID and, if available, TA value to derive an approximate location estimate. If a computed location estimate is returned for an MS based position method, the SMLC may verify consistency with the current cell ID and, if available, TA value. If the location estimate so obtained does not satisfy the requested accuracy or the location attempt failed, e.g. due to missing data, and sufficient response time still remains, the SMLC may instigate a further location attempt using the same (e.g. providing more assistance data to MS) or a different position method. If there is insufficient response time for another position attempt, the SMLC shall return any location estimate already obtained even if not satisfying the requested accuracy. If a vertical location co-ordinate is requested but the SMLC can only obtain horizontal co-ordinates, these may be returned. Requirements on the geographic shape encoded within the ‘position information’ parameter may exist for certain LCS client types. The SMLC shall comply with any shape requirements defined in 3GPP. The SMLC in a certain country should attempt to comply with the shape requirements defined for a specific LCS client type in the relevant national standards of that country. If location assistance data is requested, the SMLC transfers this data to the MS as described in subsequent clauses. The SMLC determines the exact location assistance data to transfer according to the type of data specified by the MS, the MS location capabilities and the current cell ID. If deciphering keys are requested the SMLC obtains the current keys.

3)
The SMLC sends the BSSAP-LE Perform Location Response message to the BSC containing any location estimate (with optional velocity estimate) or deciphering keys.  In case of failure the cause value may be included.

9.2a
Common Positioning Procedure for PS Domain in A/Gb mode

This procedure is common to all positioning methods in the PS domain. 
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Figure 28a: Common Positioning Procedure for PS Domain

1) The BSS sends the BSSAP-LE Perform Location Request message to request the SMLC to start the positioning procedure. The Location Type, and Current Cell Identifier IEs are always included.  If the Timing Advance value for the MS is available in the BSS, it shall be included (in BSSLAP APDU IE). Depending on the type of location request, additional parameters may be included to provide Measurement Report (in BSSLAP APDU IE), Packet Measurement Report, LCS Client Type, LCS Capability, LCS Priority, LCS Quality of Service, and GPS Assistance Data.

2) See step 2 of clause 9.2 "Common Positioning Procedure for CS Domain in A/Gb mode".

3) The SMLC sends the BSSAP-LE Perform Location Response message to the BSS. A location estimate, velocity estimate, positioning data, deciphering keys, or LCS Cause may be included.

9.2b
Common Positioning Procedure for Iu mode

This procedure is common to all positioning methods in the Iu mode. 

[image: image6.wmf]
Figure 28b:Common Positioning Procedure

1.
The BSC sends the BSSAP-LE Perform Location Request message to request the SMLC to start the positioning procedure.

2.
See step 2 of Clause 9.2 "Common Positioning Procedure for CS Domain in A/Gb Mode."

3.
The SMLC sends the BSSAP-LE Perform Location Response message to the BSC containing any location estimate (with optional velocity estimate) or deciphering keys. In case of failure the cause value may be included.

9.2c
GPRS Cell Change for the PS Domain in A/Gb mode

9.2c.1
Intra-BSS Cell Change

The procedure shown below is used in order to keep an SMLC updated about Intra-BSS cell changes during a positioning procedure for a target MS in the PS domain in A/Gb-mode (note that unlike the CS domain and handover, the BSSLAP reset procedure is not used).
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Figure 28c: Cell Change with BSSAP-LE Perform Location Information for the PS Domain

1.
The MS detects a cell change and sends a cell update message or routing area update message to the SGSN (for more information, see 3GPP TS 23.060).

2.
The SGSN sends a BSSGP FLUSH-LL PDU to the BSS. If the cell change is an Inter-NSE Cell Change, the NSEI of the new cell is provided.

3.
The BSS acknowledges by sending a BSSGP FLUSH-LL-ACK PDU to the SGSN.

4.
The BSS detects that a positioning procedure is active and the BSS is able to continue the positioning procedure in the new cell and sends a BSSAP-LE Perform Location Information message to the SMLC. This message contains the Cell Identifier for the new cell. If the Timing Advance value for the MS in the new cell is available in the BSS, it shall also be included. The BSS may send this message either if it receives the indication from the SGSN about the cell change (the BSSGP FLUSH-LL) or if it detects the cell change on its own (e.g. network controlled cell reselection). 

9.2c.2
Inter-BSS Cell Change

The procedure shown below is used to abort the positioning procedure when an Inter-BSS cell change occurs for a target MS in the PS domain in A/Gb-mode.

[image: image8.wmf]
Figure 28d: Cell Change with positioning abort for the PS Domain

1.
The MS detects a cell change and sends a cell update message or routing area update message to the SGSN (for more information, see 3GPP TS 23.060).

2.
The SGSN sends a BSSGP FLUSH-LL PDU to the BSS. The NSEI of the new cell is provided.

3.
The BSS acknowledges by sending a BSSGP FLUSH-LL-ACK PDU to the SGSN.

4.
The BSS detects that a positioning procedure is active and that the BSS is not able to continue the positioning procedure in the new cell (e.g. Inter BSS Cell Change) and sends a BSSAP-LE Perform Location Abort message to the SMLC. The IE LCS Cause indicates the reason for the abort (e.g. “Inter BSS Cell Change”). The BSS then awaits the BSSAP-LE Perform Location Response from the SMLC, which it will forward in a BSSGP Perform Location Response to the SGSN.

= = = = = = = End of 11th Section Changed = = = = = = =

9.4.1
General procedures

For any location request where the highest priority level is assigned and MS-based GPS positioning is not used, the SMLC functionality shall provide sufficient assistance data to a target MS to enable a location estimate, velocity estimate, or location measurements to succeed according to the required QoS on the first attempt. The SMLC shall not assume in this case that the target MS already possesses assistance data. For a lower priority location request or when MS-based GPS positioning is used, the SMLC may reduce the assistance data provided to a target MS on the first location attempt.

In the high priority case with MS-assisted GPS for the first positioning attempt, acquisition assistance data shall be included in the RRLP measure position request message.

= = = = = = = Last Section Changed = = = = = = =

9.4.2
Positioning Request

This signaling flow is generic for all MS based or assisted location methods (MS Based E-OTD, MS Assisted E-OTD, MS Based GPS, and MS Assisted GPS). The signaling flow below applies to integrated and standalone SMLCs in a circuit switched network.

If the SMLC desires to avoid lower layer (e.g. BSSAP-LE) segmentation, see clause 6.1.2, and transfer the LCS assistance data more reliably, this procedure may be preceded by an "Assistance Data Delivery" procedure. Note, that part of the entire set of assistance data may be included in the RRLP Measure Position Request even when the message is preceded by an  "Assistance Data Delivery" procedure.

[image: image9.wmf]
Figure 30: E-OTD or GPS Position Request Flow

1)
The SMLC may precede the RRLP MEASURE POSITION REQUEST with an optional Assistance Data Delivery procedure. 

2)
The SMLC determines possible assistance data and sends RRLP MEASURE POSITION REQUEST to the BSC. 

3)
The BSC forwards the positioning request including the QoS and any assistance data to the MS in a RRLP MEASURE POSITION REQUEST.

4)
The MS performs the requested E-OTD or GPS measurements, if needed assistance data is available in the MS. If the MS is able to calculate its own location and this is required and needed assistance data is available in MS, the MS computes a location estimate based on E-OTD or GPS measurements. In case of E-OTD, any data necessary to perform these operations will either be provided in the RRLP MEASURE POSITION REQUEST or available from broadcast sources. In case of Assisted GPS (both MS based GPS and MS assisted GPS) and first positioning attempt, a minimum set of GPS assistance data will be either provided in the RRLP MEASURE POSITION REQUEST or available from broadcast sources. For further positioning attempt (failure in first attempt due to missing assistance data), sufficient GPS assistance data, possibly excluding the assistance data sent in the first attempt, will be provided in the RRLP MEASURE POSITION REQUEST and possibly preceding RRLP ASSISTANCE DATA messages. The resulting E-OTD or GPS measurements or E-OTD or GPS location estimate (with optional velocity estimate) are returned to the BSC in a RRLP MEASURE POSITION RESPONSE. If the MS was unable to perform the necessary measurements, or compute a location, a failure indication identifying the reason for failure (e.g. missing assistance data) is returned instead. If the RRLP message is larger than the RRLP maximum PDU size, several RRLP MEASURE POSITION RESPONSE messages are sent (i.e. the RRLP pseudo-segmentation is used).

5)
BSC forwards the RRLP MEASURE POSITION response to SMLC.

= = = = = = = End of Last Section Changed = = = = = = =
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