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1 Introduction

Existing Deferred Mobile Terminated Location Requests are triggered on the “UE Available” event only. Once triggered, the network will initiate a standard MT-LR. However, Location Services Stage 1 (3GPP TS 22.071 [
] sub-clause 5.3.1.1) states that triggering on changes of area is also a requirement, although this has not been defined in other associated specifications. This allows for the initiation of services that are related to events occurring in specific areas (defined geographically). These specific areas need to be translated from geographical area into entities understood by the mobile network such as Cell ID, Location Area ID, and Routeing Area ID and should be performed by the visited GMLC. These entities are then used to trigger the change of area. Once the change of area event has been triggered, it is not necessary to initiate a standard MT-LR as the reporting of the change of area is sufficient.

It is therefore necessary to introduce the change of area event detection as part of the Deferred Location Request. There are two main methods for implementing UE based area event detection and reporting which are discussed later in this document. The aim of this document is to highlight the main features and possible pitfalls of these methods and to trigger some discussion.

2 Area Event Detection Mechanisms

2.1 Common Features to all Solutions

Figure 1 illustrates the common procedures necessary for a deferred location request, where location reporting is returned based on the Change of Area event. 
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Figure 1: Common Procedure for UE Based Change of Area Deferred Location Request
1) A LCS Client sends a LCS Service Request of type Change of Area Deferred to the GMLC.

2) The recipient GMLC performs the common procedure for locating the serving MSC/SGSN, home GMLC and visited GMLC. The incoming LCS Service Request is forwarded to the home GMLC and in turn forwarded to the visited GMLC as necessary. The visited GMLC translates the geographical area, defined to trigger the change of area, into area identities understood by the visited network (Cell Ids, Location Area IDs, Routeing Area IDs, etc.)

3) As the subscriber’s privacy information is found in the HLR as part of the subscriber’s information, it is transferred to the serving MSC / SGSN as part of the MAP INSERT SUBSCRIBER DATA procedure. This means that all incoming MT-deferred location requests must notify the serving MSC / SGSN to allow it to perform the necessary privacy checks via the existing MAP PROVIDE SUBSCRIBER LOCATION message.

4) The visited MSC / SGSN performs the privacy check.

5) The remainder of the Change of Area Deferred Location Request procedure is invoked. The implementation of this is discussed in section 2.2. Once the change of area event has been triggered, all responses generated by the mobile must be received by the serving GMLC to translate the area identities back to geographical area.

6) The response back to the LCS Client performing the location request requires a privacy check.

7) The change of area event is returned to the LCS Client via the LCS Service Response.

2.2 Change of Area Deferred Location Request Procedure

2.2.1 USIM Application Toolkit (USAT) Based Solution

In this USAT based solution, the area event detection mechanism relies on the proactive control of the UE by the USIM using the USAT commands controlled by a specific Change of Area Deferred Location application. Figure 2 illustrates how a change of area event application may be downloaded to the UE, but does not detail the operation of the application. These applications are designed specifically to trigger on the desired change of area events only. It is assumed that the UE monitors the System Information blocks for Cell ID and Location/Routing Area at all times and has the capability to report these to the USIM (via USAT command ENVELOPE(EVENT DOWNLOAD – LOCATION STATUS)) [
].
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Figure 2: Message Flows for USAT Based Change of Area Deferred Location Procedure
1) On receipt of a MAP-PROVIDE SUBSCRIBER LOCATION message at the visited MSC/SGSN, the MSC/SGSN may optionally sent a Supplementary Service – LCS Location Notification message to the UE. 

2) If the SS LCS Location Notification is received and requires user authorisation to proceed the request, UE waits for user interaction.

3) UE responds with a SS – LCS Location Notification Acknowledge stating whether the user accepts or rejects the location request.

4) On receipt of the acknowledgement, the GMLC sends the USAT Application to detect the required change of area events via SMS-PP download to the USIM.

5) Upon successful receipt of the SMS-PP download, the UE sends a SMS to acknowledge.

6) The change of area event occurs as a result of either a handover, routing area update or location area update.

7) The USAT Application detects the change of area event as relevant to the location request and triggers a SMS report to the visited GMLC to notify it of the details of the trigger event (e.g. entry of the pre-defined area).

2.2.2 Supplementary Service (SS) Based Solution

In this SS based solution, the area event detection mechanism relies on the UE support of the LCS extensions to Supplementary Services. Figure 3 illustrates how the UE is notified of an incoming change of area deferred location request.
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Figure 3: Message Flows for SS Based Change of Area Deferred Location Procedure

1) Upon receipt of a MAP-PROVIDE SUBSCRIBER LOCATION (type: deferred – change of area), the visited MSC / SGSN sends a Supplementary Service – LCS Location Notification to the UE. The message includes information about the desired change of area events and details of whether user authorisation of the incoming location request is required.

2) If user authorisation of incoming location request is required, the UE shall wait for user interaction.

3) The UE acknowledges the LCS Location Notification using the SS – LCS Location Notification Acknowledge and includes user authorisation information if requested.

4) The change of area event occurs as a result of either a handover, routing area update or location area update.

5) The UE detects the change of area event as relevant to the location request and sends a SS – LCS Change of Area Event Report to the visited MSC / SGSN including details of the trigger event.

6) On receipt of the SS – LCS Change of Area Event Report, the visited MSC / SGSN sends a MAP – SUBSCRIBER LOCATION REPORT (type: deferred – change of area) including details of the trigger event to the visited/home/receiving GMLC from step 5.

2.2.3 Hybrid USAT and SS Based Solution

In this Hybrid solution, it combines the use of SS messages to transport the relevant information and USAT application to perform the monitoring of location related events.
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Figure 4: Message Flows for Hybrid Change of Area Deferred Location Procedure
1) Upon receipt of a MAP-PROVIDE SUBSCRIBER LOCATION (type: deferred – change of area), the visited MSC / SGSN sends a Supplementary Service – LCS Location Notification to the UE. The message includes information about the desired change of area events and details of whether user authorisation of the incoming location request is required.

2) If user authorisation of incoming location request is required, the UE shall wait for user interaction.

3) The UE acknowledges the LCS Location Notification using the SS – LCS Location Notification Acknowledge and includes user authorisation information if requested

4) On receipt of the acknowledgement, the MSC / SGSN sends the USAT Application to detect the required change of area events via SMS-PP download to the USIM.

5) Upon successful receipt of the SMS-PP download, the UE sends a SMS to acknowledge.

6) The change of area event occurs as a result of either a handover, routing area update or location area update.

7) The USAT Application detects the change of area event as relevant to the location request and triggers a SS – LCS Change of Area Event Report to the visited MSC / SGSN to notify it of the details of the trigger event (e.g. entry of the pre-defined area with current Cell ID).

8) On correct receipt of the SS – LCS Change of Area Event Report, the visited MSC / SGSN sends a MAP – SUBSCRIBER LOCATION REPORT (type: deferred – change of area) including details of the trigger event to the visited/home/receiving GMLC from step 7.

2.2.4 Summary of Possible “Change of Area” Event Mechanisms
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Figure 5: Process Flow for Various Solutions to Mobile Based Change of Area Deferred Location Request

2.3 Impact of Change of Area Event Detection mechanisms

2.3.1 General Impact

· 3GPP TS 23.271 [
]- Addition of new MT-Deferred Location Request Type – Change of Area.

2.3.2 USAT Based Solution

· Requires the UE to support the basic set of USIM Application Toolkit commands as specified in TS 31.111 [2]. 

· 3GPP TS 31.111 [2] – Requires change to ENVELOPE(EVENT DOWNLOAD – LOCATION STATUS) to allow the reporting of cell handover, location area update and routing area update to the USAT Application at all times.

· Requires a standardised interface between the GMLC and SMSC to send USAT Applications.

2.3.3 SS Based Solution

· 3GPP TS 29.002 [
] – Requires a modification to the MAP message (PROVIDE SUBSCRIBER LOCATION) to include a list of the desired trigger events / area definition.

· 3GPP TS 29.002 [4] – Requires a modification to the MAP message (SUBSCRIBER LOCATION REPORT) to include the details of the triggered event.

· 3GPP TS 24.080 [
] – Requires modification of contents of the existing LCS related SS message (LCS LOCATION NOTIFICATION) to include the transport of the type of deferred event type e.g. change of area (entry) or change of area (exit). 

· 3GPP TS 24.080 [5] – Requires the addition of a new message (SS – LCS Change of Area Event Report) to report the occurrence of a desired area event.

· Requires a standardised algorithm to support change of area event monitoring in the LCS extension to Supplementary Service to define information such as area trigger, type of trigger, and possible causes of failure.

· Requires UE support of this LCS extension to Supplementary Service.

2.3.4 Hybrid Solution

· Same as USAT based solution, except this solution does not require a standardised interface between GMLC and SMSC.

· 3GPP TS 29.002 [4] – Requires the modification to MAP  in both PROVIDE SUBSCRIBER LOCATION and SUBSCRIBER LOCATION REPORT as for the SS based solution to include details of the trigger events, triggered event, and area definition.

· 3GPP TS 24.080 [5] – Requires the addition of a new message (SS – LCS Change of Area Event Report) as for the SS based solution. This requires the inclusion of information such as the area that caused the trigger and the type of trigger that occurred.

3 Considerations

· USAT and Hybrid Solutions – Roaming and the SMS/OTA capability of the visited network as USAT application download can only be achieved using point-to-point SMS.

· USAT and Hybrid Solutions – Security implications of the download of USAT application in roaming situations where the application is originated from a visited PLMN node.

· SS Based Solution – A standardised supplementary service makes it very difficult for network operators to adapt the service to their specific network topology.

3.1 Considerations outside scope of SA2

· The UE must be capable of reading and storing System Information broadcast over the air interface. SI3 / SI6 in A-mode [
], PSI2 in Gb-mode [
], and SIB3 / SIB4 in Iu-mode [
]. If the System Information is not read and stored while a UE is connected (either in CS or PS domain), it would therefore make it difficult for the UE to detect area events at a Cell ID or Service Area ID level while connected.

4 Conclusion

This document covers briefly three possible implementations of mobile-based change of area deferred location request. There are, however, many more implementations. Any implementation should take into account the possible impact to existing network elements and the impact should be minimised. Also any implementation should attempt to minimise the complexity and required change of the resulting solution.

It can be seen that the SS based solution will have a large impact to the implementation in both the UE and also within the Core Network. This is because the application necessary to detect and report the change of area events will need to be well defined in both these places. The SS based solution also makes it very difficult to the application to each PLMN’s network topology. In comparison, the USAT based and Hybrid solutions only require the support of the standard USAT commands in the UE and no further special functionality. It is then the responsibility of the PLMN operators to build USAT applications suitable for their network topology.
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