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1. Introduction

The purpose of this discussion paper is to present the technical realizations of “change of area event” as proposed in S2-022936. The discussion paper includes also possible stage-3 definitions to assist the understanding of the solution and the main features of the proposed solution. 
3. LCS/Terminal based solution

The LCS/Terminal based solution utilizes the existing LCS architecture to enable GMLC in setting up the “change of area” event in the UE. Differently from the SIM Toolkit based solution the LCS based solution places the functionality in the terminal software instead of the SIM. In this solution the PSL is extended with the new “change of area” event and the MSC/SGSN utilizes DTAP to signal the cell-id list to the terminal.
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1) The LCS client sends to GMLC a LCS service request, which contains the Start Deferred LCS (with Mobile based Area Event) information. In case the Lr interface is used the GMLC (H-GMLC or V-GMLC) receives the LCS service request form another GMLC (the procedures on Lr interface is described in 9.1.1). The LCS Service request provides details of the geographical event area and the nature of the event i.e. whether the event to be reported is the UE entry in or exit from the designated area or if the UE is currently in the designated area. Optionally the LCS client may specify a time when the area event trigger is cancelled even if the event has not occurred. In this case the time information is send to GMLC. The translation of the requested geographical area definition into the corresponding Cell IDs or Service Area IDs, location areas or routing areas may be done in the GMLC. In case the PLMN cannot do the conversion (e.g. because the target area is in different PLMN than the GMLC is located) the deferred location request is rejected and appropriate error code is sent to the LCS client or to another GMLC if Lr interface was used.

2) Common PS and CS MT-LR procedure as described in clause 9.1.1 in TS 23.271.

3) The GMLC sends a modified MAP-PROVIDE-SUBSCRIBER-LOCATION to the VMSC/SGSN. The message contains the IMSI of the target subscriber, the shape (and possibly the cell-id list).

Below is an example how the modified PSL could look like:

ProvideSubscriberLocation-Arg ::= SEQUENCE {


locationType
LocationType,


mlc-Number
ISDN-AddressString,


lcs-ClientID
[0] LCS-ClientID
OPTIONAL,


privacyOverride
[1] NULL

OPTIONAL,


imsi


[2] IMSI

OPTIONAL,


msisdn

[3] ISDN-AddressString
OPTIONAL,


lmsi


[4] LMSI

OPTIONAL,


imei


[5] IMEI

OPTIONAL,


lcs-Priority
[6] LCS-Priority
OPTIONAL,


lcs-QoS

[7] LCS-QoS
OPTIONAL,


extensionContainer
[8] ExtensionContainer
OPTIONAL,


... ,


supportedGADShapes
[9]
SupportedGADShapes
OPTIONAL,


lcsServiceTypeID
[10]
LCSServiceTypeID
OPTIONAL,


lcsCodeword
[11]
LCSCodeword
OPTIONAL,


lcsTriggerArea
[12] Ext-GeographicalInformation
OPTIONAL }


-- one of imsi or msisdn is mandatory

DeferredLocationEventType ::= BIT STRING {


msAvailable
(0),


areaEventEnter
(1),


areaEventLeave
(2) } (SIZE (1..16)) 

-- exception handling

-- a ProvideSubscriberLocation-Arg containing other values than listed above in 
-- DeferredLocationEventType shall be rejected by the receiver with a return error cause of 
-- unexpected data value.
4) The VMSC/SGSN performs the requested privacy related action as described in clauses 9.1.2 / 9.1.6 in TS 23.271.

5) The VMSC/SGSN sends the DTAP LCS Area Event Invoke to the UE carrying the designated geographical area (as the format of CGIs, SAIs, RACs, or LAIs), the shape, the area event indication and the address of the GMLC. 

If the DTAP LCS Area Event Invoke is successfully received by the UE it stores the geographical area (list of CGIs/SAIs/RACs/LAIs and shape) and activates the monitoring. If so indicated in the DTAP LCS-AreaEventInvoke some text is displayed to the subscriber and the user may accept or reject the Deferred Location Request. Optionally the network may specify a time when the area event trigger is cancelled even if the event has not occurred.

Below an example how the DTAP message could look like:

MS
Network

REGISTER

<------------------------------------------------------------------------------------------------------------------------

Facility (Invoke = LCS-AreaEventInvoke (listOfCGIs, listOfLAC, GADShape, areaEventIndication, userNotification, stopTime, mlc-Number, cancelAreaBasedTrigger))

RELEASE COMPLETE

------------------------------------------------------------------------------------------------------------------------>

Facility (Return result = LCS-AreaEventInvoke (AreaEventResponse, requestID, mlc-Number))

RELEASE COMPLETE

-  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  ->

Facility (Return error (Error))

RELEASE COMPLETE

-  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  ->

Facility (Reject (Invoke_problem))

RELEASE COMPLETE

<-  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

6) The UE generates a LDR reference ID which is send to VMSC/SGSN in the LCS Area Event invoke ack. If the UE cannot support the deferred location request  (for temporary or permanent reasons), a LCS Area Event Invoke ack. return error shall be returned with a corresponding cause. One of the possible results listed below may be returned:

a) The request has successfully been set-up and is waiting for a trigger event.

b) Trigger already satisified.

c) Maximum number of allowed Deferred Location Requests reached.

d) The request could not be set-up – User rejected request.

e) The request could not be set-up – ME rejected request.

7) The MSC receives the LCS Area Event Invoke ack. from the UE and includes the result and the LDR reference ID in the response to the GMLC.

Below an example how the PSL response could look like:

ProvideSubscriberLocation-Res ::= SEQUENCE {


locationEstimate
Ext-GeographicalInformation,


ageOfLocationEstimate
[0] AgeOfLocationInformation
OPTIONAL,


extensionContainer
[1] ExtensionContainer
OPTIONAL,


... ,


add-LocationEstimate
[2] Add-GeographicalInformation 
OPTIONAL,


deferredmt-lrResponseIndicator
[3] NULL

OPTIONAL,


requestID

[4] RequestID
OPTIONAL,


areaEventResult
[5] AreaEventResult
OPTIONAL }
--
if deferredmt-lrResponseIndicator is set, locationEstimate is ignored, if areaEventResult

--
is present it carries the result of registering an deferred location request in the UE

--
based on an area event.
-- the add-LocationEstimate parameter shall not be sent to a node that did not indicate the

-- geographic shapes supported in the ProvideSubscriberLocation-Arg

-- The locationEstimate and the add-locationEstimate parameters shall not be sent if

-- the supportedGADShapes parameter has been received in ProvideSubscriberLocation-Arg

-- and the shape encoded in locationEstimate or add-LocationEstimate is not marked

-- as supported in supportedGADShapes. In such a case ProvideSubscriberLocation

-- shall be rejected with error FacilityNotSupported with additional indication

-- shapeOfLocationEstimateNotSupported

AreaEventResult ::= ENUMERATED {


registeredWaiting
(0),


triggerSatisfied
(1),


maxNumberReached
(2),


rejectedME
(3),


rejectedUser
(4),


... }
--
.
8) GMLC returns a LCS Service Response to the LCS Client to notify whether the request was successfully accepted/set up or not.

9) The requested event is detected when UE finds out that it has entered or left the designated area. If supported the UE may utilize some more accurate positioning method triggered when the UE enters the designated area to verify against the shape that the UE is within the boundaries of the shape. If the event information could not be obtained, or if the UE for some other reason decides not to wait any longer for the requested event to occur (ex. timer expires or the user decides to purge the trigger event), the LCS Area Event report will be returned with an appropriate error cause indicating termination of the deferred location request.

10) The DTAP LCS Area Event Report is sent to the VMSC/SGSN including the original LDR reference ID, the GMLC address, the time that the event occurred and the current serving cell ID and possible other information relating to the area event.

Below an example how the DTAP message could look like:

MS
Network

REGISTER

------------------------------------------------------------------------------------------------------------------------>

Facility (Invoke = LCS-AreaEventReport (requestID, mlc-Number, timeStamp, cellid, GADShape, areaEventIndication))

FACILITY

<------------------------------------------------------------------------------------------------------------------------

Facility (Return result = LCS-AreaEventReport (result))

RELEASE COMPLETE

<-  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

Facility (Return error (Error))

RELEASE COMPLETE

<-  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

Facility (Reject (Invoke_problem))

RELEASE COMPLETE

------------------------------------------------------------------------------------------------------------------------>

11) VMSC sends the subscriber location report to GMLC together with information relating to the area event. The VMSC/SGSN may record billing information.

Below an example how the SLR could look like:

SubscriberLocationReport-Arg ::= SEQUENCE {


lcs-Event

LCS-Event,


lcs-ClientID
LCS-ClientID, 


lcsLocationInfo
LCSLocationInfo,


msisdn

[0] ISDN-AddressString
OPTIONAL,


imsi


[1] IMSI

OPTIONAL,


imei


[2] IMEI

OPTIONAL,


na-ESRD

[3] ISDN-AddressString
OPTIONAL,


na-ESRK

[4] ISDN-AddressString
OPTIONAL,


locationEstimate
[5] Ext-GeographicalInformation
OPTIONAL,


ageOfLocationEstimate
[6] AgeOfLocationInformation
OPTIONAL,


extensionContainer
[7] ExtensionContainer
OPTIONAL,


... ,


add-LocationEstimate
[8] Add-GeographicalInformation
OPTIONAL,


deferredmt-lrData
[9] Deferredmt-lrData
OPTIONAL,


requestID

[10] RequestID
OPTIONAL }


-- one of msisdn or imsi is mandatory


-- a location estimate that is valid for the locationEstimate parameter should 


-- be transferred in this parameter in preference to the add-LocationEstimate.

-- the deferredmt-lrData parameter shall be included if and only if the lcs-Event


-- indicates a deferredmt-lrResponse.

-- if the lcs-Event indicates a deferredmt-lrResponse then the locationEstimate 


-- and the add-locationEstimate parameters shall not be sent if the 


-- supportedGADShapes parameter had been received in ProvideSubscriberLocation-Arg


-- and the shape encoded in locationEstimate or add-LocationEstimate was not marked


-- as supported in supportedGADShapes. In such a case terminationCause 


-- in deferredmt-lrData shall be present with value 


-- shapeOfLocationEstimateNotSupported.

LCS-Event ::= ENUMERATED {


emergencyCallOrigination  (0),


emergencyCallRelease  (1), 


mo-lr  (2),


...,


deferredmt-lrResponse  (3),


areaEventEnter (4),


areaEventLeave (5) }


--
exception handling:


--
a SubscriberLocationReport-Arg containing an unrecognized LCS-Event


--
shall be rejected by a receiver with a return error cause of unexpected data value

12) The privacy check shall be performed as described in clause 9.1.1 in TS 23.271 before the information on the detected event is sent to the LCS client

13) GMLC then returns the LCS Service Response to the LCS Client or to another GMLC as described in clause 9.1.1 in TS 23.271 containg also information relating to the area event.

Cancellation of Deferred Location Request – Mobile based Area Event reporting
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1)
The LCS Client requests the cancellation of a previously requested Deferred Location Request. The cancellation could be initiated by the GMLC itself for some reasons (e.g. implementation dependent timer in the GMLC expired). If the UE’s privacy profile stored in the H-GMLC or in the PPR was changed, any outstanding Deferred Location Request, which would not have been authorized with the new profile, shall be cancelled or the requested action for the VPLMN shall be changed. The H-GMLC initiates the cancellation and may send a new Deferred Location Request to the VPLMN. The event type to cancel must be indicated in the Cancellation procedure.


If the previously requested Deferred Location Request was forwarded to another GMLC (H-GMLC or V-GMLC), the cancellation request from the LCS client shall be forwarded to the same GMLC.

Note: 
The GMLC shall know that the UE subscribers privacy profile has been changed in the PPR when the LCS Privacy Profile Update has been send from PPR to GMLC as described in 9.1.1.2.

2) The GMLC will indicate this cancellation request in the Provide Subscriber Location toward the SGSN/MSC.

Below an example how the LocationEstimateType in the PSL could be modified:

LocationEstimateType ::= ENUMERATED {


currentLocation
(0),


currentOrLastKnownLocation
(1),


initialLocation
(2),


...,


activateDeferredLocation
(3),


cancelDeferredLocation
(4),


cancelAreaBasedTrigger
(5) }

--
exception handling:

--
a ProvideSubscriberLocation-Arg containing an unrecognized LocationEstimateType

--
shall be rejected by the receiver with a return error cause of unexpected data value

3) The SGSN/MSC will indicate this cancellation request in the LCS Area Event cancellation towards the UE.

4) When the UE completes the cancellation procedure, it notifies VMSC/SGSN in the LCS Area Event cancellation ack. (with no area event information included).

5) The SGSN/MSC notifies the cancellation acknowledgement to the GMLC in the Provide Subscriber Location Ack (with no area event information included).
If the cancellation request was forwarded to another GMLC (H-GMLC or V-GMLC), the GMLC (H-GMLC or V-GMLC) informs the GMLC (R-GMLC or H-GMLC) that the cancellation procedure has been successfully completed.

6) The GMLC informs the LCS Client that the cancellation procedure has been successfully completed.


3.2 Main features of the LCS/Terminal solution

· Uses the existing LCS architecture and does not introduce a parallel architecture how to send a location request.

· Doesn’t require new interfaces and standardization of protocols

· Doesn’t require standardization of an application but rather mandates a standard functionality in the ME. Support for said functionality shall be indicated in the LCS Capability Set of the UE.

· Utilizes existing protocols and interface. Requires only minor changes to MAP and DTAP etc.

· Supports transparently any kind of positioning technology both ms-based and network-based technologies including A-GPS, GPS, E-OTD and CI (+TARx).

· Enables use of more accurate positioning technologies as mentioned above to determine the geographical area.

· Ensures Interoperability between operators as it doesn’t rely on differences in SIM implementations between operators.

· The number of possible area definitions depends on the terminal memory.

· ME is not as resource constrained as the SIM in terms of memory capacity and computing power.

· The mobile can hear more than one different cell at one time, so if the mobile monitors the cell change it can be optimised to work better. 
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