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3.2
Abbreviations

Certain abbreviations used in the present document are also listed in GSM 01.04.

For the purposes of the present document, the following abbreviations apply:

ANM
Answer Message (ISUP)

BSSAP-LE
BSSAP LCS Extension for Lb, Lp and Ls interfaces

BSSLAP
BSS LCS Assistance Protocol 

BSSMAP-LE
BSSMAP LCS Extension

CC
SCCP Connection Confirm

CR
SCCP Connection Request

CREF
SCCP Connection Refused

DT1
SCCP Data Form 1 message

FEC
Forward Error Correction

GPRS
General Packet Radio Service

IAM
Initial Address Message (ISUP)

LIR
Location Immediate Request

LDR
Location Deferred Request      

LCF
Location Client Function 

LCCF
Location Client Control Function 

LCAF
Location Client Authorization Function 

LLP
LMU LCS Protocol

LMMF
LMU Mobility Management Function

LMU
Location Measurement Unit

LSCF
Location System Control Function 

LSAF
Location Subscriber Authorization Function

LSPF
Location Subscriber Privacy Function

LSBcF
Location System Broadcast Function

LSBF
Location System Billing Function 

LSOF
Location System Operations Function

LCCTF
Location Client Coordinate Transformation Function

MO-LR
Mobile Originating Location Request

MT-LR
Mobile Terminating Location Request

NI-LR
Network Induced Location Request

MLC
Mobile Location Center

PRAF
Positioning Radio Assistance Function

PRCF
Positioning Radio Coordination Function 

PCF
Positioning Calculation Function 

PSMF
Positioning Signal Measurement Function 

RA
Rate Adaptation

REL
Release (ISUP)

RLC
Release Complete (ISUP or SCCP)

RLP
Radio Link Protocol (GSM 04.22)

RLSD
SCCP Released message

RRLP
RR LCS Protocol to a target MS (defined in GSM 04.31)

SGSN
Serving GPRS Support Node

SLPP
Subscriber LCS Privacy Profile

SMLCPP
SMLC Peer Protocol (messages on Lp interface in GSM 08.31)

TA
Timing Advance (between an MS and its serving BTS)

TOA
Time of Arrival

UDT
SCCP Unitdata message

3.3
Symbols

For the purposes of the present document, the following symbols apply:

Gb
Interface between SGSN and BSS

Gs
Interface between MSC and SGSN

Lb
Interface between Serving MLC and BSC (BSC interface)

Lc
Interface between gateway MLC and gsmSCF (CAMEL interface)

Le
Interface between External User and MLC (external interface)

Lh
Interface between Gateway MLC and HLR (HLR interface)

Lg
Interface between Gateway MLC and VMSC (gateway MLC interface)

Lp
Interface between SMLC and peer SMLC (peer interface)

Ls
Interface between Serving MLC and VMSC (serving MLC interface)

Um
Air Interface to an LMU (measurement interface)

4
Main concepts

LCS utilizes one or more positioning mechanisms in order to determine the location of a Mobile Station.  Positioning a target MS involves two main steps: signal measurements and location estimate computation based on the measured signals.  

Three positioning mechanisms are proposed for LCS: Uplink Time of Arrival (TOA), Enhanced Observed Time Difference (E-OTD), and Global Positioning System (GPS) assisted. 

4.1
Assumptions

-
Support an SMLC that can be either BSS based or NSS based. While the SMLC is considered to be a separate logical entity, it may still be physically part of an MSC or BSC.

-
Standardize a similar open interface to the SMLC whether it is NSS or BSS based. This simplifies migration from an NSS to a BSS based location architecture and avoids two different types of SMLC.

-
Support "Type A" LMUs accessed over the GSM air interface using the same signaling protocols for both BSS and NSS based SMLC interaction. A type A LMU supports the RR and MM signaling procedures defined in GSM 04.08. A type A LMU may have a subscription profile in the HLR and may support certain CM services – e.g. outgoing data calls for SW download and SMS for SIM card download.

-
Support "Type B" LMUs accessed over the Abis interface. The LMU may be either free standing (support Abis signaling) or associated with a BTS – either integrated or connected by proprietary means. If free standing, a type B LMU could be identified using a pseudo cell ID.

-
Employ the same application protocol defined in GSM 04.71 for all types of LMU.

-
Use MTP, SCCP, BSSAP as the basis for all LCS signaling between the SMLC, BSC, MSC and (for GPRS) SGSN, since these are the only protocols that are all supported in a BSC, MSC and SGSN. Substitution of TCP/IP or FR could be used in 3G. An important consequence of this change is that TCAP and MAP are no longer needed for signaling to an SMLC (since retention of TCAP and MAP would only be feasible for an NSS based SMLC, thereby producing two distinct types of SMLC). 

-
Provide enough flexibility to enable usage of transport protocols other than MTP/SCCP to support LCS for GPRS and 3G.

-
Employ SCCP connection oriented signaling in the NSS and BSS to access a type A LMU or target MS to enable LCS messages to be easily relayed through an MSC and BSC.

-
Add signaling between peer SMLCs to enable an SMLC to request or receive E-OTD, TOA or GPS positioning and assistance measurements obtained by an LMU belonging to another SMLC.

-
Enable migration from an NSS based SMLC to BSS based SMLCs.

-
Provide positioning procedures through the circuit-switched domain are also applicable to GPRS mobile stations which are GPRS and IMSI attached.
5.6
Logical architecture

LCS is logically implemented on the GSM structure through the addition of one network node, the Mobile Location Center (MLC). It is necessary to name a number of new interfaces.  A generic LCS logical architecture is shown in figure 3. LCS generic architecture can be combined to produce LCS architecture variants.  No inference should be drawn about the physical configuration on an interface from figure 3.
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Figure 3: Generic LCS Logical Architecture

5.6.1
BSS

The BSS is involved in the handling of various positioning procedures. Specific BSS functionality is specified in each of the positioning procedures section.

5.6.2
LCS Client

The LCS client is outside the scope of this standard. 

5.6.3
GMLC

The Gateway Mobile Location Center (GMLC) contains functionality required to support LCS.  In one PLMN, there may be more than one GMLC.

The GMLC is the first node an external LCS client accesses in a GSM PLMN (i.e. the Le reference point is supported by the GMLC). The GMLC may request routing information from the HLR via the Lh interface.  After performing registration authorization, it sends positioning requests to and receives final location estimates from the VMSC via the Lg interface.

5.6.4
SMLC

The Serving Mobile Location Center (SMLC) contains functionality required to support LCS.  In one PLMN, there may be more than one SMLC.

The SMLC manages the overall coordination and scheduling of resources required to perform positioning of a mobile.  It also calculates the final location estimate and accuracy.

Two types of SMLC are possible:

NSS based SMLC:
supports the Ls interface.

BSS based SMLC:
supports the Lb interface.

An NSS based SMLC supports positioning of a target MS via signaling on the Ls interface to the visited MSC. A BSS based SMLC supports positioning via signaling on the Lb interface to the BSC serving the target MS. Both types of SMLC may support the Lp interface to enable access to information and resources owned by another SMLC.

The SMLC controls 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. Signaling between an NSS based SMLC and LMU is transferred via the MSC serving the LMU using the Ls interface and either the Um interface for a Type A LMU or the Abis interface for a Type B LMU. Signaling between a BSS based SMLC and LMU is transferred via the BSC that serves or controls the LMU using the Lb interface and either the Um interface for a Type A LMU or the Abis interface for a Type B LMU.

The SMLC and GMLC functionality may be combined in the same physical node, combined in existing physical nodes, or reside in different nodes.

For Location Services, when a Cell Broadcast Center (CBC) is associated with a BSC, the SMLC may interface to a CBC in order to broadcast assistance data using existing cell broadcast capabilities. The SMLC shall behave as a user, Cell Broadcast Entity, to the CBC (refer to GSM.03.41).

5.6.5
MS

The MS may be involved in the various positioning procedures.  Specific MS involvement is specified in each of the positioning procedures section.

5.6.6
LMU

An LMU makes radio measurements to support one or more positioning methods. These measurements fall into one of two categories:

a)
Location measurements specific to one MS used to compute the location of this MS

b)
Assistance measurements specific to all MSs in a certain geographic area

All location and assistance measurements obtained by an LMU are supplied to a particular 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.

Two types of LMU are defined:

Type A LMU:
accessed over the normal GSM air interface.

Type B LMU:
accessed over the Abis interface.

A type A LMU is accessed exclusively over the GSM air interface (Um interface): there is no wired connection to any other network element. A type A LMU has a serving BTS and BSC that provide signaling access to a controlling SMLC. With an NSS based SMLC, a type A LMU also has a serving MSC and VLR and a subscription profile in an HLR. A type A LMU always has a unique IMSI and supports all radio resource and mobility management functions of the GSM air interface that are necessary to support signaling using an SDCCH to the SMLC. A type A LMU supports those connection management functions necessary to support LCS signaling transactions with the SMLC and may support certain call control functions of to support signaling to an SMLC using a circuit switched data connection.

NOTE:
A network operator may assign specific ranges of IMSI for its LMUs and may assign certain digits within the IMSI to indicate the associated SMLC. Certain digits in the IMSI may also be used as a local identifier for an LMU within an SMLC.

To ensure that a Type A LMU and its associated SMLC can always access one another, an LMU may be homed (camped) on a particular cell site or group of cell sites belonging to one BSC or one MSC. For any Type A LMU with a subscription profile in an HLR (applies only with an NSS based SMLC), a special profile is used indicating no supplementary services, except possibly SMS-PP MT (for data download via the SIM application toolkit), and barring of all incoming and possibly outgoing calls. An identifier in the HLR profile also distinguishes an LMU from a normal MS. All other data specific to an LMU is administered in the LMU and in its associated SMLC.

A Type B LMU is accessed over the Abis interface from a BSC. The LMU may be either a standalone network element addressed using some pseudo-cell ID or connected to or integrated in a BTS. Signaling to a Type B LMU is by means of messages routed through the controlling BSC for a BSS based SMLC or messages routed through a controlling BSC and MSC for an NSS based SMLC.

The following assistance measurements obtained by an LMU have a generic status in being 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). 

5.6.7
MSC

The MSC contains functionality responsible for MS subscription authorization and managing call-related and non-call related positioning requests of GSM LCS.  The MSC is accessible to the GMLC via the Lg interface and the SMLC via the Ls interface. If connected to SGSN through the Gs interface, it checks whether the mobile station is GPRS attached to decide whether to page the mobile station on the A or Gs interface.
5.6.8
HLR

The HLR contains LCS subscription data and routing information.  The HLR is accessible from the GMLC via the Lh interface. For roaming MSs, HLR may be in a different PLMN that the current SMLC.

5.6.9
gsmSCF

The Lc interface supports CAMEL access to LCS and is applicable only in CAMEL phase 3. The procedures and signaling associated with it are defined in GSM 03.78 and GSM 09.02, respectively.

5.6.10
LMU and SMLC association

The LCS architecture is intended to support a high degree of flexibility, whereby any physical SMLC can support multiple Ls or Lb interfaces (e.g. allowing a BSS based SMLC to serve multiple BSCs) and whereby a mixture of different SMLC types can serve a single network or single MSC area. Figure 4 illustrates the case where different SMLC types and different LMU types are supported in a single MSC area.
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Figure 4: Mixed Network with BSS and NSS based SMLCs and Type A and B LMUs

5.6.11
SGSN

The SGSN forwards the circuit-swiched paging request received from the Gs interface to the BSS. 

7.6.1
Mobile Terminating Location Request (MT-LR)

Figure 29 illustrates general network positioning for LCS clients external to the PLMN. In this scenario, it is assumed that the target MS is identified using either an MSISDN or IMSI.


[image: image3.wmf]1

2

. BSSMAP-LE Perform Location response

MS

BSC

HLR

GMLC

SMLC

Client

VMSC

8

. BSSMAP-LE Perform Location request

5.  MS Paging, Authentication, Ciphering

1

6

. LCS Service Response

2. MAP Send Routing Info for LCS

1. LCS Service Request

3. MAP Send Routing Info for LCS 

ack.

4. MAP Provide Subscriber Location

11

. Messages for individual positioning methods

1

5

. MAP Provide Subscriber Location 

ack.

10

. BSSMAP-LE Perform

Location request

1

4

. BSSMAP

 Perform Location response

9

. BSSMAP

  Perform Location request

1

3

. BSSMAP-

LE  Perform Location response

6

.

 DTAP  LCS Location Notification Invoke

7

.

 DTAP  LCS Location Notification Return Result


Figure 29: General Network Positioning for a MT-LR

7.6.1.1
Location Preparation Procedure 

1)
An external LCS client requests the current location of a target MS from a GMLC. The GMLC verifies the identity of the LCS client and its subscription to the LCS service requested and derives the MSISDN or IMSI of the target MS to be located and the LCS QoS from either subscription data or data supplied by the LCS client.  For a call related location request, the GMLC obtains and authenticates the called party number of the LCS client (refer to Annex A 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)
If the GMLC already knows both the VMSC location and IMSI for the particular MSISDN (e.g. from a previous location request), this step and step 3 may be skipped. Otherwise, the GMLC sends a MAP_SEND_ROUTING_INFO_FOR_LCS message to the home HLR of the target MS to be located with either the IMSI or MSISDN of this MS. 

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 returns the current VMSC address and whichever of the IMSI and MSISDN was not provided in step 2 for the particular MS.

4)
The GMLC sends a MAP_PROVIDE_SUBSCRIBER_LOCATION message to the VMSC indicated by the HLR. This message carries the type of location information requested (e.g. current location), the MS subscriber's IMSI, LCS QoS information (e.g. accuracy, response time) and an indication of whether the LCS client has the override capability.  For a call related location request, the message also carries the LCS client's called party number. For a value added LCS client, the message shall carry the client name if available and, for a call unrelated location request, the identity of the LCS client. In other cases, inclusion of the client name and/or identity is optional.
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. If the target MS has an established circuit call other than speech, the location request may be denied and an error response is then returned to the GMLC. If the location request is allowed for a non-speech circuit call, it shall be up to the SMLC to decide, on the basis of the applicable position methods and requested QoS, whether positioning is possible. The VMSC then verifies LCS barring restrictions in the MS user's subscription profile in the VLR. In verifying the barring restrictions, barring of the whole location request is assumed if any part of it is barred or any requisite condition is not satisfied. If LCS is to be barred without notifying the target MS and a LCS client accessing a GMLC in the same country does not have the override capability, an error response is returned to the GMLC. Otherwise, if the MS is in idle mode, the VLR performs paging, authentication and ciphering. The MSC will page a GPRS attached MS either through A or Gs interface, depending on the presence of the Gs interface (see Note). This procedure will provide the MS user's current cell ID and certain location information that includes the TA value in the BSSMAP Complete layer 3 Information used to convey the Paging Response. If the target MS supports any MS based or MS assisted positioning method(s), the MS will also provide the BSC and MSC with the positioning method(s) it supports via controlled early classmark sending (see GSM 04.08 and 08.08). If the MS is instead in dedicated mode, the VMSC will already have any early classmark information and will have been supplied with the current cell ID from either the serving BSC or serving MSC in the case of an established call with MSC-MSC handover.

Note: In some network mode of operation, a GPRS capable MS may not receive the CS paging. In addition, upon receipt of a CS paging, a GPRS capable MS may immediately answer to the Paging Request or delay the answer, as defined in 3GPP TS 02.60 and 03.60. A GPRS MS in class B mode may also suspend its GPRS traffic, sending a GPRS Suspension Request to the network.

6)
If the location request comes from a value added LCS client and the MS subscription profile indicates that the MS must either be notified or notified with privacy verification and the MS supports notification of LCS (according to the MS Classmark 2), a DTAP LCS Location Notification Invoke message is sent to the target MS indicating the type of location request (e.g. current location), the identity of the LCS client and whether privacy verification is required. For a call related location request, the LCS client identity shall be set to the LCS client's called party number if no separate LCS client identity was received from the GMLC. Optionally, the VMSC may after sending the DTAP LCS Location Notification Invoke message continue in parallel the location process, i.e. continue to step 8 without waiting for a DTAP LCS Location Notification Return Result message in step 7.

7)
The target MS notifies the MS user of the location request and, if privacy verification was requested, the target MS indicates to the MS user whether the location request will be allowed or not allowed in the absence of a response and waits for the user to grant or withhold permission. The MS then returns a DTAP LCS Location Notification Return Result to the VMSC indicating, if privacy verification was requested, whether permission is granted or denied. Optionally, the DTAP LCS Location Notification Return Result message can be returned some time after step 6, but before step 15. If the MS user does not respond after a predetermined time period, the VMSC shall infer a "no response" condition. The VMSC shall return an error response to the GMLC if privacy verification was requested and either the MS user denies permission or there is no response with the MS subscription profile indicating barring of the location request in the absence of a response.

8)
The VMSC sends a MAP_PERFORM_LOCATION message to the SMLC associated with the MS's current cell location. The BSSMAP-LE message includes the type of location information requested, the MS's location capabilities and currently assigned radio channel type (SDCCH, TCH-FR or TCH-HR), the requested QoS and the current Cell ID and, if available, any location information including the TA value received in step 5.
9)
If the SMLC is BSS based, the VMSC instead sends the BSSMAP PERFORM LOCATION message to the serving BSC for the target MS.

10)
In the case of a BSS based SMLC, the BSC forwards the BSSMAP-LE PERFORM LOCATION request received in step 9 to the SMLC. The BSC may add additional measurement data to the message to assist with positioning. The message is transported inside an SCCP connection request.
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