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1. Scope

This specification contains the stage-2 service description for the LoCation Services (LCS) feature on GSM, based on the E-OTD mechanism. The LCS feature  provides the mechanisms to support mobile location services of operators, which are not covered by standardized GSM services. CCITT I.130 [28] describes a three-stage method for characterization of telecommunication services, and CCITT Q.65 [30] defines stage 2 of the method.

The LCS feature is a network feature and not a supplementary service. This version of the stage 2 service description covers aspects of LCS e.g., the functional model, architecture, positioning methods, message flows etc.

2. Normative references

This specification incorporates by dated and undated references, provisions from other publications. These normative references are cited at the appropriate places in the text and the publications are listed hereafter. For dated references, subsequent amendments to or revisions of any of these publications apply to this specification only when incorporated in it by amendment or revision. For undated references the latest edition of the publication referred to applies.

[1]
GSM 01.04 (ETR 350): "Digital cellular telecommunications system (Phase 2+); Abbreviations and acronyms".

[2]




TS GSM 05.10

3. Definitions, abbreviations and symbols

Definitions

Refer to TS GSM 02.71.

3.1. Abbreviations

Abbreviations used in this specification are listed in GSM 0p.qq and TS xx.yy.

For the purposes of this specification, the following abbreviations apply:

      LMU



Location Measurement Unit

MLC
Mobile Location Center

      PCF



Positioning Calculation Function 

4. Main concepts

LCS utilizes one or more positioning mechanisms in order to determine the location of a Mobile Station.  Positioning a MS involves three main steps :


Establishing, maintaining and distributing background data,


Performing measurements for localising a given MS,


Computing an estimate of the location based on the measured signals and on background data,


Providing the location estimate where it is needed.

Three positioning mechanisms are proposed for LCS: Uplink Time of Arrival (TOA), Enhanced Observed Time Difference (E-OTD), and assisted and non-assisted  Autonomous Location System ( where the MS is responsible for location determination other than E-OTD. For example GPS and GLANOSS). E-OTD and   ALS are described in this document. TOA is described in another document .

4.1. E-OTD principles

The E-OTD method is based on measurements in the MS of the relative time of arrival of bursts from several BTSs. The E-OTD (Enhanced Observed Time Difference) between two BTSs is the relative time of arrival between bursts from those two BTSs, as observed by the MS which location is estimated.

The network has to maintain the knowledge in real time of the relative synchronisation of the signals emitted by the BTSs (RTD, Real Time Difference). This relative synchronisation may be maintained constant, set by configuration (synchronized cells), or obtained by measurements (non synchronized cells).

The accuracy of the location estimate increases with the number of geographically dispersed BTSs involved in the localisation process. Some estimation can be obtained with only two BTSs and some more information, but three BTSs are needed for the accuracy required by most applications.

Based on the measured E-OTD values the location of an MS can be calculated either in the network or in the MS itself, if all the needed information is available to the MS.

5. Architecture

The architecture is that of GSM, with the addition of some new functions. These new functions can be implemented together with already defined functions, or in independent equipment. The implementation in independent equipment is not mandatory, and the protocol on the interfaces appearing in such an implementation are not covered by the GSM standard. Informative annex A provides an example of implementation based on independent equipment on the infrastructure side.

LCS based on E-OTD or ALS involves the following GSM nodes or sub-systems:

· The MS, for E-OTD or  ALS measurement, optionally for location computation, and for location provision to applications;

· The BSS, for obtaining, maintaining and distributing background information, for location computation, and for provision of the location estimate to the MSC and the SGSN; these functions will be referred as the Mobile Location Centres, MLC,   (they may be implemented in an adjunct serving several BSCs, the MLC, Mobile Location Centre, piece of equipment, see Annex A); in this document, the term 'BSS' includes GPRS functions; similarly, the term 'BSC' includes the termination of the RLC protocol;

· The MSC/VLR and the SGSN, for requesting the location from the BSS  when needed, for controlling data provision to the MS, and for providing the location estimate to applications on the infrastructure side;

· The HLR, for storing subscriber data specific to LCS.

In addition, GMLC functions (Gateway Mobile Location Centre) are involved. A GMLC function may be implemented as a separate physical node, or implemented together with, for instance, MSC/VLR or GMSC function. 

In one PLMN, there may be more than one GMLC.

The GMLC provides an entry point to requests from applications external to the GSM system and on the infrastructure side. It interfaces through some interfaces with such applications; these interfaces are not standardises by the GSM specifications. The GMLC interfaces with the HLR and the MSC/VLR through the SS7 and protocols standardised within the MAP.
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6. Procedures

The LCS procedures are divided in three groups :

· Obtaining, maintaining and distributing the non-MS related data needed for computing locations (background data);

· The location procedures;

· The procedures enabling entities to request and obtain the location of an MS.

6.1. Background data management

The background data include :

(1)  The cell site geographical co-ordinates;

(2)  The BCCH frequency, BSIC and cell identities of the cells;

(3)  For each cell, whether the time slots are 156 1/4 bit long, or 156 or 157 bit long (called hereafter the time slot length scheme, see [2] TS GSM 05.10, subclause 5.7);

(4)  The RTD (Relative Time Differences), that is to say the phase difference between the synchronisation signals from two cells, as perceived by an MS placed at equal distance from the two sites.

It is assumed that each BSC obtains the three first kinds of data, and in come cases the time phasing relative to a common reference clock (ATP, Absolute Time Phase), for its own cells through O&M procedures; this aspect is no further addressed in this document.

It is required that each MLC maintains the configuration data for the cells it controls as well as for a number of neighbour cells. In addition, each MLC maintains the RTD for a number of pairs of cells. These RTD may be derived from the ATPs, when applicable, or from measurements performed by the BTS or some specific equipment (e.g., LMUs, see Annex A).

Neighbour MLCs exchange data via communications through and between BSCs. The exchange of data between BSCs are standardised in TS GSM ***** [TBI].

6.1.1. Exchange of data between BSCs

These exchanges shall be carried via the transport protocol specified in xx.xx. They are standardised and specified in TS GSM xx.xx, as the [some name] protocol.

[A new BSS sub-system number is introduced for these exchanges.]

6.1.1.1 Registration procedure

A first procedure consists in a xxxx messages, which requires the receiving BSC to provide the configuration data for a list of cells and, when applicable, to periodically report time phases for a number of cells, see next clause.

TBC

6.1.1.2 Periodic reports

The procedure consists in the periodic sending of a xxxx message, containing for a number of cells the following information:


Cell identity


Time phase  :    (Time for the frame numbering origin,







Time of assessment,







Reference : [GPS, local])

The cells may include other cells than those under the control of the BSC to which the message is sent.

The time phase, is defined as the time relative to some reference of the instant when modulating data (0 for the potential burst sent in timeslot of TN 0 of TDMA frame of FN 0 has maximum influence on the modulated phase of the GSM signal as received from a negligible distance of the cell emitting antenna (or antennas).

The reference can be GPS or local (other references can be introduced later). A local reference is clock available in the cell but not necessarily in phase with some other local reference. In the case of a local time reference, only the difference of the time phases between two cells (the RTD) is meaningful, and then the message should contain at least two cell reports with the same, or close enough, assessment time.

RTDs are obtained as the difference between time phases with the same reference.

6.1.2.  Acquisition of Cell Time Phases

The time phase of a cell is a characteristic of the cell, and as such is known by the BTS.

In some implementation the time phases of all the relevant cells is known relatively to a common reference (e.g., GPS). In such a case, each cell needs to provide only its time frame;

In other cases, this time phase may be known only relatively to a local clock, specific to the cell, or common to only a few cells (e.g., co-localised cells). In such cases, additional data is needed to relate time phases relative to distinct local clocks. This data is obtained by measurements performed by the BTS or specific functions, the result of which are transmitted to the BSC and thence to the MLCs.

The measurement function, and the transmission of measurement results to the MLC, are not standardised. Annex A provides examples of implementation approaches.

6.2. Location procedures

6.2.1. General

The location procedures are those involved to acquire and carry raw data up to the location computation function (PCF, Positioning Calculation Function). In the case of E-OTD this includes the acquisition and transport of the RTDs, of geographical BTS co-ordinates and of OTDs and other raw measurements pertaining to the MS. In the case of ALS, this includes the ALS function, and the acquisition and transport of location assistance data.

6.2.1.1 Implementation options

A PCF may be implemented both in the MSs and in the BSS. The operating PCF for a given location assessment  is either on the infrastructure side or in the MS. It is necessarily on the infrastructure side for legacy MSs. The three different cases are described hereafter.

The implementation of the MS can follow one of the following option :

· The PCF is in the MS and does not require assistance data from the infrastructure whatever the requested accuracy; (Location Class A, LC-A); such MS shall also support E-OTD;

· The PCF is in the MS and requires assistance data from the infrastructure at least for some requested accuracy; (LC-B); E-OTD shall be supported in all cases, possibly in addition to ALS;

· There is no PCF in the MS, but E-OTD is supported, (LC-C);

· Location functions are not supported (e.g., legacy MSs).

Which implementation option is followed is indicated in the MS classmarks which are sent at the beginning of a connection with the infrastructure (whether with the MSC or with the SGSN).

In a typical implementation of the infrastructure, a PCF is available on the infrastructure side for any cell.

6.2.1.2 The PCF is on the infrastructure side, non legacy MSs

This applies for LC-C Mobile Stations, or to LC-A Mobile Stations when they cannot for some reason assess their own location.

The MS performs OTD measurements periodically, whatever its current mode (idle, dedicated or GPRS active). OTD measurement reports are provided to the BSS in dedicated mode through RR messages, and in GPRS active mode through MAC messages in the following cases :

1) At connection establishment, both for dedicated and GPRS active modes;

2) On request from the BSS, both in dedicated and GPRS active modes;

3) Periodically in dedicated mode.

When the infrastructure needs the OTD measurements, a connection must be set up.

Periodic OTD reports in dedicated mode are transported on the SACCH, with a periodicity of up to one each [TBD 5 seconds], in specific messages. These messages have a lesser priority than already specified messages (e.g., reception level measurement reports and SMS messages). Unless prevented by SMS sending, the MS shall send minimally an OTD report each [TBD 10 seconds], and not later than [TBD 5 seconds] after the previous report if at least one value has changed.

An OTD report is provided at dedicated connection establishment in a low-priority specific RR message on the main DCCH.

An OTD report is provided when an uplink TBF is initiated in a low-priority specific PACCH RLC message.

The BSS can request a specific OTD report (and more generally location information) at any moment when an MS is in dedicated mode or in GPRS ready mode. This is done on the main DCCH or on the PACCH, with specific RR or MAC messages, respectively.
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2. RR LOCATION DATA

1.  RR LOCATION DATA REQUEST


(1)  The BSS sends an RR LOCATION DATA REQUEST to the MS, indicating which kind of data it requires.

(2)  The MS sends back the required information in a RR LOCATION DATA message.

6.2.1.3 The PCF is on the MS side

This applies both to LC-B Mobile Stations (E-OTD location method, or assisted ALS) and to LC-A Mobile Stations (e.g., using ALS unassisted).

The MS can then assess location at any moment. In the E-OTD case, it requires assistance data from the network. In ALS  case assistance data may also be provided.

6.2.1.3.1 Assistance data

In the E-OTD case, the assistance data include at least a list of cells, including the serving cell, with their time phase given with a common reference, their time slot length scheme, and their geographic positions. Cells are identified by their BCCH frequencies and their BSIC [ Time phase would possibly be sufficient]. Additional information may include the orientation of sector cells[FFS].

Assistance data can be sent in a variety of way, as a network implementation choice.

1. Assistance data can be broadcast on the BCCH, using additional BCCH capacity as provided by the ‘new BCCH’ scheme.

2. Assistance data can be broadcast as PBCCH messages to MSs in GPRS active mode.

3. Assistance data can be provided by the BSS (by the MLC though BSC or PCU) in a point to point connection (dedicated mode or downlink TBF) either spontaneously (e.g., as part of a location request) or on request from the MS.

FFS : in cases 1 and 2, a point for further study is whether the data is sent in clear or protected by some ciphering scheme : the latter case is required if the provision of assistance data is to be subscribed/paid for. In case of ciphering, FFS how this is deciphered, e.g., by the SIM (this allows the use of non standardised ciphering scheme, in which case the service is limited to the subscribers of the serving network), or by the MS in which case the ciphering scheme must be standardised.
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2. RR LOCATION DATA

1.  RR LOCATION DATA REQUEST


(1)  The MS sends an RR LOCATION DATA REQUEST to the BSS, indicating which kind of data it requires.

(2)  The BSC checks if required if is allowed to provide the data (see sub-clause 6.3), and sends back the required information in a RR LOCATION DATA message. A reject message is sent in case self-location is not allowed.

6.2.1.3.2 Provision of location data to the infrastructure

In the case of a LC-A MS, the MS shall provide location data to the BSS through RR or MAC messages :

1. Periodically in dedicated mode; 

2. At connection establishment, both for dedicated and GPRS active modes;

3. On request from the BSS, both in dedicated and GPRS active modes.

This uses the same messages and procedures as described in subclause 6.2.1.1.

6.2.1.4 The PCF is on the infrastructure side, legacy MSs

This applies to LC-D Mobile Stations.

The BSS can provide some location data based on information available even for legacy MSs. This includes the serving cell, the Timing Advance, reception level measurements, and, for  phase 2 MSs,  the OTD provided in the RR HANDOVER COMPLETE message.

Part of this information is available to the BSS as a consequence of normal operation. More information can be obtained actively, e.g., by forcing handovers.

There is no need to specify new procedural elements for this case, and no advantage in specifying a particular algorithm for handling legacy MSs.

6.3. Location provision

This clause deals with the transport of the processed location data (i.e., expressed in geographical co-ordinates) from the PCF to client applications.

The clause is organised according to the node where the application resides, or where the application is interfaced with the GSM system. The following cases are covered :

1. Client application in the BSS

2. Client application in the MSC

3. Client application in the SGSN

4. Client applications in the network served by the network

5. Client application in the MT

6. Client applications in the SIM

7. Client applications in a TE

8. Client applications in the network served by a client application in the MS

6.3.1. Client application resident in the BSS

The BSS is one of the two basic locations for a PCF, and the procedures enabling the BSS to obtain the processed location in the different cases have been presented in subclause 6.2.

6.3.2.  Client application resident in the MSC

The MSC obtains the position of a Mobile Station by requiring it to the BSS.
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(1)  The procedure can be started whenever the MS is connected to the VMSC. The VMSC verifies first LCS barring restrictions in the MS user’s subscription profile in the VLR. If an application requires the location of a non connected MS, the VMSC first pages the MS and establishes a dedicated connection. Authentication and/or ciphering may be run as required by the operator.
(2)  The VMSC sends a BSSMAP PERFORM LOCATION REQUEST message to the BSS over the SCCP connection corresponding to the MS. This message carries the LCS QoS information.
(3)  If the BSS runs location acquisition procedure. The procedures to apply are chosen according to the BSS and the MS capabilities, as known from the MS classmark. The different cases are described in subclause 6.2.
(4)  The BSS answers with a BSSMAP PERFORM LOCATION ACKNOWLEDGE with the best location estimate it can reach within the time ascribed by the LCS QoS information as indicated in the BSSMAP PERFORM LOCATION REQUEST messages.
(5)  The VMSC then releases the connection with the MS if not used for anything else, and the VMSC may record billing information.
6.3.3. Client application in the SGSN

 The SGSN obtains the position of a Mobile Station by requiring it to the BSS.
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(1)  The procedure can be started whenever the SGSN considers that the MS is in Ready State (i.e., the GMM READY timer in running on the SGSN side). The SGSN verifies first LCS barring restrictions in the MS user’s subscription profile. If an application requires the location of an MS for which the READY timer is not running, the SGSN first pages the MS. Authentication may be run as required by the operator.
(2)  The SGSN sends a BSSGP PERFORM LOCATION REQUEST message to the BSS. This message carries the TLLI of the MS to localise and the LCS QoS information.
(3)  If the BSS runs location acquisition procedure. The procedures to apply are chosen according to the BSS and the MS capabilities, as known from the MS classmark. The different cases are described in subclause 6.2.
(4)  The BSS answers with a BSSGP PERFORM LOCATION ACKNOWLEDGE with the best location estimate it can reach within the time ascribed by the LCS QoS information as indicated in the BSSGP PERFORM LOCATION REQUEST messages.
(5)  The SGSN may record billing information.
6.3.4. Client applications in the network served by a GMLC

This subclause addresses general network positioning for LCS applications external to the PLMN, for the cases where the application entry point is a GMLC.

Note :

The procedure involving the MSC is identical to the corresponding procedure as described in TOA LCS stage 2 description.
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Figure 1 General Network Positioning for a MT-LR 
6.3.4.1 Initial steps

(1)  An external LCS application requests some LCS service from a GMLC. The GMLC verifies the identity of the LCS application and its subscription to the LCS service requested and derives the MSISDN [FFS other identities] to be located and the LCS QoS from either subscription data or data supplied by the LCS application.  For a call related location request, the GMLC obtains and authenticates the called party number of the LCS application (refer to [1], Annex X for further details). If location is required for more than one MS, or if periodic location is requested, steps 2 to 12 below may be repeated.

(2)  The GMLC sends a MAP_SEND_ROUTING_INFO_FOR_LCS message to the home HLR of the MS to be located. The message is routed to the home HLR on the basis of the MSISDN.

(3)  The HLR verifies that the SCCP calling party address of the GMLC, corresponds to a known GSM network element that is authorized to request MS location information. The HLR then checks on MS attachment. If the MS is attached with a MSC [an SGSN], the HLR returns the address of that MSC and the IMSI for the particular MS. Otherwise, if the MS is attached with an SGSN, the HLR returns the address of that SGSN and the IMSI for the particular MS. If the MS is not attached, the HLR returns a detached indication.

[Editor's note : FFS whether the MSC or the SGSN takes priority. The MSC should at least be chosen for a call related location request.]

The further steps depend on whether the provided address is that of a MSC or an SGSN.

6.3.4.2 Request through MSC

The following procedures are applicable when the MS is attached to an MSC [and not attached to an SGSN].

(4)  The GMLC sends a MAP_PROVIDE_SUBSCRIBER_LOCATION message to the VMSC indicated by the HLR. This message carries the MS subscriber’s IMSI, LCS QoS information (e.g. accuracy, response time, preferred/required positioning method) and an indication of whether the LCS application has the override capability.  For a call related location request, the message also carries the LCS application’s called party number.  The message may optionally carry the identity of the LCS application.

(5)  If the GMLC is located in another PLMN or another country, the VMSC first authenticates that a location request is allowed from this PLMN or from this country. If not, an error response is returned. Otherwise, the MSC gets the MS localisation as described in a previous subclause.
(6)  The VMSC returns the location estimate to the GMLC.
(7)  The GMLC returns the MS location estimate to the requesting LCS application. If the LCS application requires it, the GMLC may first transform the universal location coordinates provided by the VMSC into some local geographic system. The GMLC may record billing for both the LCS application and inter-network revenue charges from the VMSC’s network.
6.3.4.3 Request through SGSN

The following procedures are applicable when the MS is attached to an SGSN [and not attached to an MSC].

Note :

The procedure is identical to that described in the previous subclause, the SGSN replacing the MSC.

(4)  The GMLC sends a MAP_PROVIDE_SUBSCRIBER_LOCATION message to the SGSN indicated by the HLR. This message carries the MS subscriber’s IMSI, LCS QoS information (e.g. accuracy, response time, preferred/required positioning method) and an indication of whether the LCS application has the override capability. The message may optionally carry the identity of the LCS application.

(5)  If the GMLC is located in another PLMN or another country, the SGSN first authenticates that a location request is allowed from this PLMN or from this country. If not, an error response is returned. Otherwise, the SGSN gets the MS localisation as described in a previous subclause.
(6)  The SGSN returns the location estimate to the GMLC.
(7)  The GMLC returns the MS location estimate to the requesting LCS application. If the LCS application requires it, the GMLC may first transform the universal location coordinates provided by the SGSN into some local geographic system. The GMLC may record billing for both the LCS application and inter-network revenue charges from the VMSC’s network.
6.3.5.  Client application in the MT

Different cases are supported, depending on the MS Location Class, and on the following network option :

· No restriction is placed on the provision of location or assistance data to the MSs;

· Provision of location or assistance data to the MSs is restricted, e.g., on subscription basis.

The different combinations lead to the following three cases:

1. MS of Location Class A, no assistance needed;

2. The PCF resides in the MTand need assistance information, or the PCF resides in the infrastructure; and there are no restriction on the provision of location data to the MT;

3. The PCF resides in the MT and need assistance information, or the PCF resides in the infrastructure; and there are restrictions on the provision of location data to the MT.

Cases 2 and 3 applies to MSs of Location Class B or C, and to MSs of Location Class A when not able to self-locate. LC-D MSs are not concerned by this sub-clause.

6.3.5.1 MS of Location Class A, no assistance needed

In this case, the location data is available to the MT and no additional procedure is needed.

6.3.5.2 Assistance from BSS needed, no subscription check

In this case, the MT requires assistance information directly to the BSS, without involvement of the MSC or the SGSN. The needed procedures are described in subclause 6.2.1.2. The BSS provides location data (location or assistance data) either systematically (e.g., in clear on the BCCH) or when the MSs request it.

6.3.5.3 Assistance from BSS needed, subscription check needed

In this case, an MS need to request from the BSS either its own location or location assistance data allowing self-location using a mobile based positioning method. For self-location, location assistance data may also be available from broadcast sources(e.g. BCCH or SMS cell broadcast. If such location assistance data is broadcast in ciphered form, the assistance data specifically requested from the network may include a ciphering key.

In this case, the BSS does not provide the location or location assistance data without a prior check and green light from the MSC or the SGSN. 

6.3.5.3.1 Subscription check done by the MSC

The following procedure applies when the MS is attached with an MSC.
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Figure 2 
(1)  If the MS is in idle mode, the MS establishes a connection with the MSC, and sends a CM SERVICE REQUEST message indicating that the request for connection is for location services. The MSC instigates authentication and/or ciphering as needed.

(2)  The MS sends a RR Location Data Request to the BSS. This message carries LCS QoS information (e.g. accuracy, response time, preferred/required positioning method) and indicates whether the MS is requesting a location estimate or location assistance data for self-location. In the case of a location estimate, the MS provides updated OTD information.

(3)  The BSS requests a subscription check to the MSC by sending a BSSMAP LOCATION SUBSCRIPTION CHECK message.

(4)  The VMSC verifies in the MS’s subscription profile that the MS has permission to request its own location. The MSC answers with a BSSMAP LOCATION SUBSCRIPTION RESPONSE message.

(5)  In case of a positive answer the BSS runs if needed additional location assessment procedures and

(6)  sends to the MS a RR LOCATION DATA message with the required information. 

(7)  In parallel, the BSS sends to the MSC a BSSMAP LOCATION PROVIDED message. The reception of this message triggers, when applicable, recording and charging functions. The MSC releases the connection with the MS if not needed for anything else.

6.3.5.3.2 Subscription check done by the SGSN

The following procedure applies when the MS is not attached with an MSC, but attached with an SGSN.
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Figure 3 
(1)  The MS sends a MAC Location Data Request to the BSS. This message carries LCS QoS information (e.g. accuracy, response time, preferred/required positioning method) and indicates whether the MS is requesting a location estimate or location assistance data for self-location. In the case of a location estimate, the MS provides updated OTD information.

(2)  The BSS requests a subscription check to the SGSN by sending a BSSGP LOCATION SUBSCRIPTION CHECK message.

(3)  The SGSN verifies in the MS’s subscription profile that the MS has permission to request its own location. The SGSN answers with a BSSGP LOCATION SUBSCRIPTION RESPONSE message.

(4)  In case of a positive answer the BSS runs if needed additional location assessment procedures and

sends to the MS a MAC LOCATION DATA message with the required information. In parallel, the BSS sends to the MSC a BSSGP LOCATION PROVIDED message. The reception of this message triggers, when applicable, recording and charging functions.

6.3.6. Client applications in the SIM

A specific SIM Toolkit primitive enables the SIM to require the current MS location. When this primitive is invoked, the MT obtains the location as described in the previous clause and provides it to the SIM.

6.3.7. Client applications in a TE

A specific AT command enables a TE to require the current MS location. When this primitive is invoked, the MT obtains the location as described in the previous clause and provides it to the TE.

In the future, similar primitives should be added to the MeXe API, for the same purpose.

6.3.8. Client applications in the network served by a client application in the MS

A client application residing in the network can establish a connection with a peer application in the MS (e.g., by SMS, USSD, GPRS, circuit data, …) and obtain location data from the MT, obtained by the MT as described in the previous clauses.

Annex A (Informative) An Example of BSS Implementation 

This annex describes a possible architecture for the BSS, based on the following assumptions :

· The LMU is connected to the system through the radio interface;

· The MLC is implemented in an entity physically distinct from the BSC.

This architecture is only indicative, and many aspects in the description in this annex are suggestions chosen out of a number of alternative. The main purpose of this annex is to show the feasibility of an implementation based on the assumptions above.

7. Architecture

The architecture is the standard GSM BSS architecture, to which is added two nodes :

· The LMU node, which implements the LMU function, and is interfaced to the system through the GSM layer 1;

· The MLC node, which implements the MLC function, and is interfaced to one or several BSC.

A BSC is connected to one and only one MLC.

There may be several LMUs in a BSC area. An MLC controls the LMUs in the area of the BSC(s) it is connected to

8. Protocol architecture

8.1. MLC-BSC

The protocol stack comprises lower layers and an application protocol for the location application (MLCAP, MLC Application Part). A multiplexing function is needed in the lower layers to distinguish the MLC-BSC application flow and the MLC-LMU flows.

A possibility for the lower layers is to use an SS7 stack identical to that used for the A interface. The multiplexing function can be provided in a way similar to the multiplexing between DTAP flows and the BSSMAP flow in GSM 08.08. An alternative is the Gb protocol stack.

The following figures depicts the first approach. The first figure corresponds to the support of an LMU to MLC connection. SCCP is in connected mode, and MLCAP provides local  management functions related to the connection (MLCAP-CN). The MLCAP-CN comprises messages and procedures very close to the corresponding part of the BSSMAP.
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Figure 1 : BSC-MLC protocol stack for LMU-MLC connections

The next figure corresponds to the support of the connectionless part of MLCAP (MLCAP-CL), which supports such functions as requests for location measurement processing. SCCP is used in connectionless mode. The MLCAP-CL comprises messages and procedures similar to the corresponding part of BSSMAP, plus specific messages and procedures for location functions.
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Figure 2 : BSC-MLC protocol stack for BSC-MLC exchanges

8.2. BSC-BTS

No modification are absolutely required on the BSC-BTS protocols. However, it can be useful to enhance the procedures and messages related to measurement reporting.

8.3. LMU-Infrastructure

The protocol stack is that of the GSM radio interface up to some point. Up to an included the RR/MAC protocol, the protocols standardised for standard user equipment are applied. The choice exists between the LAPDm/SDCCH/RR stack and the RLC/MAC stack. The choice of the GPRS stack is advisable only in the case where the operator chooses to have permanent GPRS radio resources.

Some routing mechanisms must be supported by these lower layers to allow the BSC to route the LMU-MLC flows to the MLC rather than to the MSC or SGSN. For the RR stack, this mechanism is readily available in the form of the Protocol Discriminator. The proposal is that a specific Protocol Discriminator is reserved for the LMU/MLC exchanges.

In addition to those transport protocols, a non-standard protocol terminating respectively in the LMU and the MLC has to be specified. In the case of a RR transport stack, the messages defined for this protocol starts with the standard L3 protocol header with the specific PD. Similarly, this protocol must provide an initial message compatible with RR functions.

 The LMU-MLC protocol includes such functions as identification of the LMU, authentication of the LMU, LMU configuration, measurement reporting, fault reporting and other O&AM functions, and so on.
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8.4. Main functions

This sub-clause develops the main functions, for the specific case of an LAPDm/RR stack.

8.4.1.  LMU operation

8.4.1.1 LMU-MLC connection establishment

If no connection when some message has to be sent to the MLC, the LMU accesses the BSC following RR procedures, with an initial message from the LOCAP (specific PD). The access cause is to be chosen so that the BSC allocates a SDCCH. This connection is then routed by the BSC toward the MLC, on the basis of the PD of the initial message.

Reciprocally, once the existence of a LMU is known by the MLC, the MLC can trigger the establishment of a connection toward the LMU by requesting a paging (providing a range of IMSI or of TMSI can be reserved to LMUs). It can also be envisaged to reserved a specific TMSI or IMSI to request an access from all receiving LMUs (this requires that the LMU does not apply DRX). The address reservation needs not be standardised, and can be specified as required by each operator.

8.4.1.2 Basic operation

The LMU is typically configured to report regularly measurements. If no connection with the MLC exists when a measurement report needs to be sent, the LMU accesses the system as described above.

8.4.1.3 Operation and Maintenance

The LMU is operated and maintained by the MLC through the LOCAP protocol.

Typically, the LMU registers itself in the MLC by initiating a connection toward the MLC when the LMU is inserted in the system. Afterward, a connection with the LMU may be established at demand, either by the MLC or the LMU. The connection may be permanent or limited to short message exchanges, as controlled by the MLC.

8.4.2.  MLC operation

8.4.2.1 Location processing

Different approaches for the BSC-MLC co-operation may be envisaged. The one developed here is based on the assumption that the MLC does not maintain any MS specific context.

The BSC provides raw measurements and requests processing through the MLCAP-CL protocol. These actions are triggered by requests for localisation from the MSC, the SGSN, the MS or from internal sources in the BSC, or simply by the reception of measurements from the MS.

The MLC processes the requests and answers to the BSC through the MLCAP-CL protocol.

8.4.2.2 RTD maintenance

Assuming a non synchronised network, an MLC sends regularly to neighbour MLCs (as configured by O&M) RTD reports based on the processing of measurement reports from the LMUs. These messages are sent either by encapsulating a message to be sent to another MLC in a MLCAP-CL message requiring the BSC to transmit it, or by providing some of the information to the BSC in a MLCAP-CL message requesting the BSC to complete it with other information and building the message to be sent to the other

8.4.2.3 Operation and Maintenance

The MLC is maintained either directly by the O&M system (typically the OMC-R) or through the BSC. The latter case imposes to enhance the O&M protocols with the BSC, to include the functions required by the addition of the MLC.
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