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Most UMTS parts of this specification will be identical to TS 23.171 R99, but some aspects should be added based on GSM 03.71, R99. The specification also should describe LCS support in GPRS /GERAN from the system point of view. 

Another Nokia contribution contains the revised chapters 1 to 5 of 23.171. A third Nokia contribution contains a proposal to add LCS signaling procedures for LCS support in GSM and GERAN from the system point of view (chapter 9), based on GSM 03.71. 

Proposal

It is proposed that S2 reviews the changes and additions to 23.171 R99 shown in this document for approval to become part of the initial draft LCS system stage 2 specification in Release 2000.

6
Release 2000 LCS Architecture

Figure 6.1 shows the general arrangement of the Location Service feature in GSM and UMTS. This illustrates, generally, the relation of LCS Clients and servers in the core network with the GERAN and UTRAN Access Networks. The LCS entities within the Access Network communicate with the Core Network (CN) across the A, Gb and Iu interfaces. Communication among the Access Network LCS entities makes use of the messaging and signalling capabilities of the Access Network.

As part of their service or operation, the LCS Clients may request the location information of user equipment UE (UE without a valid SIM/USIM) or mobile stations (MS). There may be more than one LCS client. These may be associated with the GSM/UMTS networks or the Access Networks operated as part of a MS/UE application or accessed by the MS/UE through its access to an application (e.g. through the Internet).

The clients make their requests to a LCS Server. There may be more than one LCS Server. The client must be authenticated and the resources of the network must be co-ordinated including the MS/UE and the calculation functions, to estimate the location of the MS/UE and result returned to the client. As part of this process, information from other systems (other Access Networks) can be used. As part of the location information returned to the client, an estimate of the accuracy of the estimate and the time-of-day the measurement was made may be provided.
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Figure 6.1: General arrangement of LCS in release 2000

6.1
Schematic functional description of LCS operations in release 2000
The allocation of LCS functional blocks to the Client, LCS server, Core Network, Access Network and MS/UE is based on the schematic functional description below. The detailed functions and interactions are specified later in the present document and in TS 25.305 for UTRAN, in TS 25.XXX for GERAN and in corresponding Stage 3 specifications.

The operation begins with a LCS Client requesting location information for a MS/UE from the LCS server. The LCS server will pass the request to the LCS functional entities in the  core network. The LCS functional entities in the core network shall then:

· verify that the LCS Client is authorized to request the location of the MS, UE or subscriber;

· verify that LCS is supported by the MS/UE;

· establish whether it is allowed to locate the MS/UE or subscriber, for privacy or other reasons;

· establish which network element in the Access Network should receive the Location request ;

· request the Access Network (via the A, Gb or Iu interface) to provide location information for an identified MS/UE, with indicated QoS;

· receive information about the location of the MS/UE from the Access Network and forward it to the Client;

· send appropriate accounting information to an accounting function.

The Access Network LCS functional entities shall determine the position of the target MS/UE according to TS 25.305 for UTRAN and 25.XXX for GERAN:
· 
· 
· 
· 
· 
· 



6.2
Allocation of LCS functions to network elements

Table 6.1 shows a summary of the Functional Groups and Functional Blocks for Location services. Table 6.2 and Figure 6.2 show the generic configuration for LCS and the distribution of LCS functional blocks to network elements. Different positioning methods, including network-based, mobile-based, mobile-assisted and network-assisted positioning methods may be used. With this configuration both the network and the mobiles are able to measure the timing of signals and compute the mobile's location estimate. Depending on the applied positioning method it is possible to utilise the corresponding configuration containing all needed entities. For instance, if network-based positioning 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 stratum. On the other hand, in case mobile-based or network-assisted methods are used these entities should be allocated to the MS/UE.

LCS is logically implemented on the network structure through the addition of one network node, the Mobile Location Center (MLC). It is necessary to name a number of new interfaces in release 2000. The LCS generic architecture can be combined to produce LCS architecture variants. 

Table 6.1: Summary of Functional Groups and Functional Blocks for Location services in release 2000
Funct.Group
Functional component
Full name of Functional Block
Abbrev.

Loc. Client
Location Client 

Component
(External) Location Client Function
LCF



Internal Location Client Function
LCF 

-internal











LCS Server in PLMN
Client handling component
Location Client Control Function
LCCF



Location Client Authorization Function
LCAF












System handling component
Stand-alone LMU Mobility Management Function
LMMF



Location System Control Function
LSCF








Location System Billing Function
LSBF



Location System Operations Function
LSOF







Subscr. handling component
Location Subscriber Authorization Function
LSAF



Location Subscriber Privacy function
LSPF







Positioning component
Positioning Radio Control Function
PRCF



 Positioning Calculation Function
PCF



Positioning Signal Measurement Function
PSMF



Positioning Radio Resource Management
PRRM

Table 6.2 and Figure 6.2 illustrate the allocation of functional entities in the reference configuration of LCS. It is assumed that the CS and PS have either their own independent mobility management or use the joint mobility management through the optional Gs interface.

It is also seen that LCS  may take benefit of the Iur interface between RNCs, when uplink radio information and measurement results are collected.

The functional model presented in the figure includes functional entities for both CS and PS related LCS. In addition, it consists of all the entities needed for different positioning methods, i.e. network based, mobile based, mobile assisted, and network assisted positioning, exploiting either uplink or downlink measurements. It is noted that the MS/UE may use e.g. the GPS positioning mechanism, but still demand e.g. auxiliary measurements from the serving network.

Table 6.2: Allocation of LCS functional entities to network elements
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Figure 6.2: Generic LCS Logical Architecture

6.3
Functional description of LCS per network element

6.3.1
Access Network

The Access Network is involved in the handling of various positioning procedures.

The LCS specific functionalities of the radio access network elements  are specified in  TS 25.305 for UTRAN and TS 25.XXX for GERAN. 
6.3.2
LCS Clients and LCS applications

There are two classes of LCS Application – Internal applications and External applications. Internal applications represent entities internal to the GSM/UMTS that make use of location information for the (improved) operation of the network. External applications represent entities (such as Commercial or Emergency services) that make use of location information for operations external to the mobile communications network. The LCS Applications interface to the LCS entities through their Location Client functions (LCF).

The LCS Client and LCS applications are outside the scope of the present document.

6.3.3
Gateway Mobile Location Center, 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 or via XX interface from the HSS. After performing registration authorization, it sends positioning requests to either VMSC, SGSN or MSC Server and receives final location estimates from the corresponding entity via Lg interface.



6.3.5
LCS support in the MS and UE 

The MS/UE may be involved in the various positioning procedures. Specific MS/UE involvement is specified in each of the positioning procedures specified in TR 25.305 for UTRAN and 25.XXX for GERAN.

The MS/UE interacts with the measurement co-ordination functions to transmit the needed signals for uplink based LCS measurements and to make measurements of downlink signals. The measurements to be made will be determined by the chosen location method. 

The MS/UE may also contain LCS applications, or access a LCS application through communication with a network accessed by the MS/UE or an application residing in the MS/UE. This application may include the needed measurement and calculation functions to determine the MS's/UE's location with or without assistance of the GSM/UMTS LCS entities.

The MS/UE may also, for example, contain an independent location function (e.g. Global Satellite Positioning Service GPS) and thus be able to report its location, independent of the RAN transmissions. The MS/UE with an independent location function may also make use of information broadcast by the RAN that assists the function.



6.3.6
MSC/VLR

The MSC/VLR contains functionality responsible for MS/UE subscription authorization and managing call-related and non-call related positioning requests of LCS. The MSC is accessible to the GMLC via the Lg interface. The LCS functions of MSC are related to charging and billing, LCS co-ordination, location request, authorization and operation of the LCS services.
6.3.7 MSC Server
The MSC Server handles the same functionality as the MSC/VLR including charging and billing, LCS co-ordination, location request, authorization and operation of the LCS services. The MSC Server is accessible to the GMLC via the Lg interface.
6.3.8
SGSN

The  SGSN contains functionality responsible for MS/UE subscription authorization and managing positioning requests of LCS. The SGSN is accessible to the GMLC via the Lg interface. The LCS functions of SGSN are related to charging and billing, LCS co-ordination, location request, authorization and operation of the LCS services.

6.3.9
Home Location Register, HLR

The HLR contains LCS subscription data and routing information. The HLR is accessible from the GMLC via the Lh interface. For roaming MSs/UEs, HLR may be in a different PLMN.
6.3.10 HSS
The HSS contains LCS subscription data and routing information. The HSS is accessible from the GMLC via the [D?] interface. For roaming MSs/UEs, HSS may be in a different PLMN.

6.3.11
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 TS 23.078 and TS 29.002, respectively.
6.3.11 CSCF

The role of CSCF is probably limited to handling of location information e.g. related to emergency calls. This is FFS.
6.4
Addressing the target MS/UE for LCS purposes

It shall be possible to address and indicate the target MS/UE using MSISDN and IP addresses. This is FFS in release 2000.
7
Interfaces






7.2 A interface

7.2.1
Communication between MSC and SMLC 
7.3 Gb Interface
7.3.1 
Communication between SGSN and SMLC
7.4
Iu interface

The Iu interface is used to communicate between the LCS functional entities in the Core Network and the LCS entities in the Access Network.

This interface passes the location requests and responses from authenticated external and internal LCS applications between the LCS entities in the Core Network and the Access Network LCS entities. Support for LCS signaling over Iu is specified in TS 25.413 RANAP signalling [ ].

7.4.1
Core network location request 

The core network request for a location estimate of a target MS/UE shall contain sufficient information to enable location of the Target MS/UE according to the required QoS using any positioning method supported by the PLMN and, where necessary, MS/UE.  The core network may also request LCS assistance data transfer to an MS/UE or request deciphering keys for LCS broadcast assistance data. 
For location services the core network may request the geographical co-ordinates of the Target MS/UE. In UMTS the core network may also request in which Service Area (consisting of one or more than one cell) the Target UE is located. The Service Area information may be used for routing of corresponding Emergency calls, or for CAMEL services and this corresponds to the usage of Cell ID in the core network of GSM. (The MSC/MSC Server shall not send the Service Area Identity to GMLC).

It should be noted that the Service Area concept is different from the Localized Service Area concept used for SoLSA services.

When the location of a Target MS/UE in Idle Mode is requested, the core network shall determine which network element in the Access Network is associated with the Target MS/UE and send the location request to this network element.

7.4.2
Location Report

The access network reports the location of the Target MS/UE to the core network entities via the Iu interface. The location report may contain the following information as defined in the corresponding location request:

-
the geographical co-ordinates of the Target MS/UE;

-
the service area in which the Target UE is located;

-
achieved quality level of the location estimate;

-
Indication when the Target MS/UE enters or leaves a "predefined geographical area" (as described in Stage 1, TS 22.071). in case this indication is generated by the Access network (and not by the MS/UE itself).}

7.5
Um and Uu Interfaces
The Um and Uu interfaces are used to communicate among the LCS entities associated with the BSC/RNC, the MSs/UEs and the stand-alone Location Measurement Units (LMU). The Um and Uuinterfaces are also used to communicate between the LCS entities in the core network and the MS/UE.

The Um/Uu interfaces may pass measurement requests and results to and from MS/UE or the stand-alone LMU.

The Um/Uu interfaces may also pass location requests from internal or external LCS Clients (Applications) at the MS/UE. Note that these requests may require the services of the LCS entities associated with the core network to authenticate clients and subscriber subscriptions to aspects of the LCS.

The Um/Uu interfaces may also be used for broadcast of information that may be used by the MS/UE or stand-alone LMU for their LCS operations. This may, for example, include timing information about nearby Node-B/BTS transmissions that may assist the MS/UE or LMU in making their measurements. In UTRAN code information may be included.
The Um and Uu interfaces may also pass messages relating to changes or reporting of the data associated with the Location System Operations Function (LSOF) in the MS/UE or the remote LMU.

UTRAN Stage 2 specification 25.305 [1] specifies LCS signaling over the Uu interface and GERAN Stage 2 specification, 25.XXX, over the Um interface correspondingly.
Message segmentation is specified in GERAN LCS Stage 2 [ ].
7.6
MAP Interfaces



The following interfaces are based on MAP in LCS. 

· Lh interface: interface between GMLC and HLR . This interface is used by the GMLC to request the address of the visited MSC or SGSN for a particular target UE whose location has been requested.

· Lg interface: interface between GMLC  MSC and GMLC – SGSN. This interface is used by the GMLC to convey a location request to the MSC or SGSN currently serving a particular target MS/UE whose location was requested. The interface is used by the MSC or SGSN to return location results to the GMLC.

· Lc: interface between GMLC and gsmSCF, CAMEL. This interface is used to get location information for CAMEL based services. 
The following MAP services are defined for LCS:

-
MAP-SEND-ROUTING-INFO-FOR-LCS Service.

This service is used between the GMLC and the HLR/HSS to retrieve the routing information needed for routing a location service request to the serving VMSC , SGSN. The service may be used in GMLC - HSS interface to retrieve routing information in order to route the location service request to the correct VMSC, SGSN and MSC Server.  
-
MAP-PROVIDE-SUBSCRIBER-LOCATION Service.

This service is used by a GMLC to request the location of a target MS/UE from the visited MSC, SGSN or MSC Server at any time. 

-
MAP-SUBSCRIBER-LOCATION-REPORT Service.

This service is used by a VMSC, SGSN or MSC Server to provide the location of a target MS/UE to a GMLC when a request for location is either implicitly administered or made at some earlier time.

The MAP Subscriber Location Report could also be used to send information about location of the Target MS/UE (for MO-LR) to an external client. 
8
General network location procedures

8.1
State description for GMLC

8.1.1
GMLC states

8.1.1.1
NULL State

In the NULL state, a particular location request from some LCS client either has not been received yet or has already been completed. After a location request is received from a LCS client, the GMLC remains in the NULL state while the identity of the client and nature of its location request are verified. While the NULL state exists conceptually, it need not be represented explicitly in the GMLC.

8.1.1.2
INTERROGATION State

In this state, the GMLC has sent an interrogation to the home HLR/HSS of the MS/UE to be located and is awaiting a response giving one or several of the following addresses: the VMSC, MSC Server, SGSN address and IMSI for this MS/UE.

8.1.1.3
LOCATION State

In this state, the GMLC has sent a location request to the VMSC, MSC Server, SGSN or serving the MS/UE to be located and is awaiting a response containing a location estimate.

8.1.2
State functionality

8.1.2.1
State Transitions
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Figure 8.1: State Transitions in the GMLC
Moving from NULL to INTERROGATION state:
If the GMLC does not know any of the following addresses: VMSC, MSC Server, SGSN address or IMSI when it receives a location service request from some LCS client, it moves from the NULL state to the INTERROGATION state and sends a request to the MS's/UE's home HLR/HSS for the VMSC/MSC Server/SGSN address and IMSI. 
Moving from NULL to LOCATION state:
If the GMLC already knows one of the following addresses: VMSC, MSC Server,  SGSN or MS/UE IMSI, when it receives a location service request from some LCS client (e.g. from information retained for an earlier location request for the same MS/UE), it moves from the NULL state to the LOCATION state and sends a location request to either the VMSC, MSC Server or SGSN.
[Note: it is for further study how GMLC selects if it shall send the location request to VMSC, MSC server and/or SGSN in different cases. This should be specified in the signaling procedures.]
Moving from INTERROGATION to LOCATION state:
After the GMLC, in the INTERROGATION state, receives one or several of the addresses VMSC, MSC Server, SGSN,  and IMSI from the home HLR/HSS, it enters the LOCATION state and sends a location request to either the VMSC, MSC Server or SGSN of the MS/UE being located.

Moving from LOCATION to NULL state:
After the GMLC receives a location estimate response from the VMSC,  MSC Server or SGSN, it forwards the location estimate to the requesting LCS client and re-enters the NULL state.

8.1.2.2
INTERROGATION Timer Function

The GMLC runs a timer while in the INTERROGATION state to limit the amount of time waiting for an interrogation response from the HLR/HSS. If the timer expires before an interrogation response is received, the GMLC indicates a location failure to the LCS client and re-enters the NULL state.

8.1.2.3
LOCATION Timer Function

The GMLC runs a timer while in the LOCATION state to limit the amount of time waiting for a location estimate response from the VMSC/ MSC Server /SGSN. If the timer expires before a response is received, the GMLC indicates a location failure to the LCS client and re-enters the NULL state.

8.2
State description for VMSC and MSC Server
8.2.1 VMSC and MSC Server States
NOTE: Periodic location service may need to be covered in the state descriptions.
8.2.1.1
LCS IDLE State

In this state, the VMSC/MSC Server location service is inactive for a particular MS/UE. The MS/UE may be known in the VMSC/MSC Server (except for a USIM less or SIM less Emergency call or where the MS/UE information has been cancelled or lost in the VMSC/MSC Server), but there may not be an active Mobility Management connection to the MS/UE. 
8.2.1.2
LOCATION State

In this state, the VMSC/MSC Server is awaiting a response from RAN after requesting the location for a particular MS/UE. 
8.2.2
State Functionality

8.2.2.1
State Transitions
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Figure 8.2: State Transitions in the VMSC/MSC Server
Moving from LCS IDLE to LOCATION state:

After a request has been received to locate a particular MS/UE and the MS/UE subscription options have been verified, a location request is sent to the RAN of the MS/UE to be located: the VMSC/MSC Server then enters the LOCATION state. Before entering this state, the VMSC/MSC Server must have setup a Mobility Management connection to the MS/UE if none was previously active. The mobile is paged and authenticated before positioning.

Moving from LOCATION to LCS IDLE state:
After the return of a location estimate result from RAN, the VMSC/MSC Server shall re-enter IDLE state.

8.2.2.2
LOCATION Timer Function

TheVMSC/MSC Server runs a timer while in the LOCATION state to limit the amount of time waiting for a location response from the RAN. If the timer expires before such information is received, the VMSC/MSC Server indicates a location failure to the original requesting entity and re-enters IDLE state.
8.3 LCS State description for SGSN

8.3.1
SGSN States

8.3.1.1
LCS IDLE State

In this state, the SGSN location service is inactive for a particular MS/UE. The MS/UE is known in the SGSN except in case where the MS/UE data has been cancelled or lost in the SGSN. There is not an active Mobility Management to the UE
8.3.1.2
LOCATION State

In this state, the SGSN is awaiting a response from the RAN after requesting the location for a particular MS/UE. In this state, a Mobility Management connection to the target MS/UE will be active
8.3.2
State Functionality

8.3.2.1
State Transitions
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Figure 8.3: State Transitions in the SGSN

Moving from LCS-IDLE to LOCATION state:

After a request has been received to locate a particular MS/UE and the MS/UE subscription options have been verified to allow this, the SGSN sends a location request to the RAN.. The SGSN then enters the LOCATION state. Before entering this state, the SGSN must have setup a Mobility Management connection to the MS/UE if none was previously active. The mobile is paged and authenticated before positioning.
Moving from LOCATION to LCS IDLE state:
After the return of a location estimate result from RAN, or if the Location Timer described below expires, the SGSN shall re-enter IDLE state.

8.3.2.2
LOCATION Timer Function

The SGSN runs a timer while in the LOCATION state to limit the amount of time waiting for a location response from the RAN. If the timer expires before such information is received, the SGSN indicates a location failure to the original requesting entity and re-enters IDLE state.

8.4
Iu Signaling Connection

In case the Iu interface is used for communication between core network and RAN, then before MSC/SGSN/MSC Server can request location information of a Target MS/UE from RAN, an Iu Signaling Connection must have been established between MSC/SGSN/MSC Server and SRNC or BSC. The MSC/SGSN/MSC Server sends a RANAP Location Reporting control message to the SRNC/BSC, which determines the location of the target MS/UE related to this Iu Signalling Connection and sends a Location Report to MSC/SGSN/MSC Server over the same Iu Signalling Connection. 
NOTE: Similar clarification is needed for A and Gb interface based cases.
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