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Introduction
Knowing when a mobile subscriber enters or leaves a predetermined geographical area would enable many new commercial services.  These might include fleet management, automated road toll and parking charging, zone security, tagging systems, and the more efficient delivery of other location based services. Whilst the exact location of a particular mobile can be periodically reported to the LCS client, the LCS client only needs to be informed when the mobile enters, or leaves, the requested target area.  As the mobile may not enter the target area for hours, days, or weeks, it is important that any associated signalling and data processing is kept to a minimum.  This discussion paper considers the advantages and disadvantages of possible Network and Mobile centric solutions.  It also proposes 2 solutions for changing the location reporting time, based on distance from the event area, so as to reduce the network-signalling load until the MS approaches the required event area.  Consideration is also given to the transfer of the MS to smaller URAs or ‘umbrella cells’ as the distance from the event area decreases.

1.0
Service architecture considerations

A mobile in a roaming scenario may make use of a variety of circuit and packet switched services, offered by 2G or 3G networks, or a combination of both.  Hence, normally it will be impossible to predict the mobile’s exact movements, which networks and services it will use, and if or when the mobile will enter, or leave, a particular area.  The relative simplicity of a mobile-based solution would circumnavigate many of these network-related problems. When considering both network and mobile-based solutions, where possible, existing LCS methods to facilitate the area event reporting should be employed. Optimised messaging (see also S2-021178 from Lucent) and the use of the GMLC-GMLC [Lr interface] (S2-021154 to S2-021157 from Vodafone) would also help to reduce the network signalling load.
2.0
Network Centric Solution

Whilst the existing anytime interrogation (ATI) can be used periodically to determine the exact location of the target MS, this would generate a large amount of unwanted signalling tracking an MS for long periods.  We therefore propose 3 possible ways to adapt and improve the efficiency of the ATI method for area event reporting. 

1 Variable Periodical ATI, where the periodic frequency of the location reports increase as the MS range from the event area decreases. The computation to determine the MS range may be performed in either the requesting GMLC, the home GMLC or in the visited GMLCs en route. (Point for discussion).

2 Variable Periodic Routing Area updates, where the periodic frequency of the PRA updates increase as the MS range from the event area decreases. The MS periodic update timers is re-set to a longer or shorter value, by the network. This can be done on an individual basis for MSs connected, for example, in packet mode using inband signalling. 

3 Variable sized hierarchical routing areas. As the MS travels closer to the event area the network transfers it to a ‘lower’ smaller routing area e.g. smaller GSM umbrella cell or a smaller URA or SAI in the hierarchical stack. 

The following figures help to illustrate these proposals and a modified message flow diagram is shown in Figure 4:


  Figure 1: 2G Periodic Update frequency is inversely proportional to range from RA / CGI



Figure 2: 3G Periodic URA Update frequency inversely proportional to range from target SAI


Figure 3 shows the principle of transferring the UE to smaller URAs as it approaches the URA containing the SAI / cell of interest.  This may also be possible with GSM umbrella cell stacks too.


Figure 3: Mobile progressively transferred to smaller URAs in hierarchical structure


As shown in figure 3, routing area updates will occur more frequently because of the reducing size of URAs. Additionally, to reduce the possibility of lost location reports due to temporary blocking, the periodic reporting time may be set to a lower value when the mobile moves to a smaller URA (figures 2). When the area event occurs, and has been reported, the UE may be transferred to a higher URA in the stack to minimise the signalling load.

2.1
Modified Flow Diagram

The following flow diagram has been copied from Lucent SA2#24 tdoc S2-021178 and is modified to show how the variable periodic location report (or ATI) might work:
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Figure 4: Modified message flow for Variable Periodic deferred location report

Finally, for network centric solutions, the use of CAMEL should be considered. Recently specified ‘location event’ Detection Point (DPs) might enable the RNC/BSC stored location of an MS, engaged in a call, to be reported to a GMLC.

3.0
Mobile Centric Solution
Given the complexity of the network centric architecture, a more simple solution would be to develop a mobile centric solution.  In this case the GMLC would instruct the mobile to report back when it reaches and recognises the desired CGI or SAI.  The network does not have to track the MS/UE and, having signalled the requirement to the mobile, simply waits for the response.  The mobile centric solution makes use of the SIM / USIM application Toolkit.

Whilst there are many factors yet to be considered, the basic sequences are listed below:

1. GMLC ( Report event ( SMLC (Translate to Cell ID) ( SGSN ( RNC( Mobile

2. Over The Air (OTA) instructions sent to the mobile to be carried out by SIM applicationToolkit 

3. Alternatively a ‘report cell ID event’ script file could be sent in an SMS message to the mobile

4. In both cases the script file is received and stored in the USIM and the application is activated

5. The mobile passes serving cell ID to the USIM on a regular basis

6. USIM application compares this with target cell ID and  if current and target cell ID match, mobile sends zero type SMS event report to GMLC 

3.1
Mobile centric solution - Advantages

· Simple architecture

· Very low signalling overhead

· Robust

· User friendly

3.2
Identified Issues

Mobile must support SIM/USIM applicationToolkit.  Whilst it was originally intended that the Cell ID would be reported by the ME to the USIM whenever a cell change occurred, TS 11.14 (Release 98) clause 11.4 and TS31.111 (Release 4) clause 7.5.4, currently state that the Cell ID is only passed to the USIM when the MS transitions to or from the Idle state. If the terminal manufactures implement the software as currently specified in TS 11.14, then it makes it more difficult to specify a mobile centric solution in this way for 2G and 3G operation, and particularly whilst the MS is in GPRS mode.  

4.0
Conclusions

The Network centric architecture is more complex than the mobile centric solution, however it is backward compatible.  By tracking routing area changes, as proposed, rather than cell changes until the mobile approaches the area of interest, the signalling load is minimised. Roaming is more complex but a direct GMLC-GMLC interface would further increase the efficiency. 

The Mobile centric solution is very simple and frees the network from continually processing the movements of the MS to determine if it has arrived, or exited, the designated area.  Whilst it cannot be supported by legacy mobiles, this service can be rolled out as soon as sufficient volumes of SIM application Toolkit enabled mobiles are available. Changes are needed to both TS 11.14 and TS31.111, as described in 3.2. 

Whilst our preference is for the SIM application Toolkit enabled mobile solution, an optional network centric method could also be specified
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