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9.1.4
CS-MT-LR and PS-MT-LR for a previously obtained location estimate

Every time the location estimate of a target UE subscriber is returned by the RAN to the VMSC, MSC Server or SGSN, the corresponding entity may store the location estimate together with a time stamp. The MSC/MSC server may store this information in the subscriber's MSC server record.

The time stamp indicates the time at which the location estimate was made. The time stamp is used to derive the "age" of the location estimate.

9.1.4.1
Initial Location

In the context of an originating emergency call the location estimate and the associated time stamp at the commencement of the call set-up is referred to as "initial location".

9.1.4.2
Current Location

After a location attempt has successfully delivered a location estimate and its associated time stamp, the location estimate and time stamp is referred to as the "current location" at that point in time.

9.1.4.3
Last known Location

The current location estimate and its associated time stamp are stored in MSC/VLR, MSC Server, RNC or SGSN and until replaced by a later location estimate and a new time stamp is referred to as the "last known location". The last known location may be distinct from the initial location - i.e. more recent.

9.1.4.4
Security and Privacy

The handling of security and privacy of the target UE with regard to returning the last known or initial location estimate of the target UE shall be the same as when the target UE is reachable for positioning. (i.e. the requesting LCS client is authorized and the privacy of the target UE is secured before the VMSC/MSC server check the MSC server status of the target UE (i.e. whether the UE is marked as attached or detached in the MSC server). A similar status check apply for SGSN and MSC Server.

9.1.4.5
Failing to locate the target UE

In case of a "Detached" or "Not Reachable" target UE, the last known location and a time stamp stored at the VLR, MSC Server, SGSN or RNC, may be returned to a LCS client requesting location information if the LCS client specifically requested the current or last known location. This does not apply to a value added LCS client where the target UE subscribes to notification of the location request: if the notification cannot be performed, the VMSC, MSC Server or SGSN shall reject the location request.

NOTE:
Due to CAMEL, the MSC/MSC server/VLR may already be storing other location information parameters like location number, service area identity and MSC server number in the subscriber's MSC server record.

When a request for location information is received at the VMSC, MSC Server or SGSN, the request shall indicate whether the "last known location of the target UE" should be returned in case of a "detached" or "not reachable" target UE.

If the VLR, MSC Server or SGSN has a valid copy of the subscriber's permanent data and the target UE's privacy settings are such that positioning is allowed, then the following two cases can occur.
9.1.4.5.1
Target UE is "Not Reachable"

9.1.4.5.1.1

MSC behaviour

If the target UE is marked as "attached" in the VLR or MSC Server, the corresponding entity orders paging of the target UE. If paging fails, due to target UE being "not reachable" then the corresponding VMSC or MSC Server shall check whether the LCS client has requested "last known location" in case of "not reachable" target UE.

If such a request exists and notification to the target UE does not apply for a value added LCS client, the VMSC or MSC Server shall include the last known location together with the Age of the location information available in its response to the request for location information.

An indicator of "last known location" returned shall be marked at the CDR at VMSC or MSC Server correspondingly.
9.1.4.5.1.2

SGSN behaviour when there is no Iu interface connection for the UE

If the target UE is marked as "attached" in the SGSN but there is no Iu interface connection for the UE, the SGSN entity orders paging of the target UE (on all Gb and Iu interfaces serving the UE’s RA). If paging fails, due to the target UE being "not reachable" then the SGSN shall check whether the LCS client has requested "last known location" in case of "not reachable" target UE.

If such a request exists and notification to the target UE does not apply for a value added LCS client, the SGSN shall include the last known location together with the Age of the location information in its response to the request for location information.

An indicator of "last known location" returned shall be marked in the CDR at the SGSN.

9.1.4.5.1.3

SGSN behaviour when there is an Iu interface connection for the UE

If the target UE has an Iu interface connection from the SGSN, the SGSN sends a Location Request message to the RNC. If the UE is in the URA-PCH or Cell-PCH state, the RNC shall page the target UE. If paging fails, due to target UE being "not reachable" then the RNC shall return the last known location (SAI or geographic co-ordinates) along with a time stamp (indicating the “age” of the location information) to the SGSN. 

The SGSN shall check whether the LCS client has requested "last known location" in case of "not reachable" target UE.

If such a request exists and notification to the target UE does not apply for a value added LCS client, the SGSN shall include the last known location together with the Age of the location information received from the RNC in its response to the request for location information.

An indicator of "last known location" returned shall be marked in the CDR at the SGSN.

9.1.4.5.2
Target UE is "Detached"

If the target UE is marked as "detached" in the VLR, MSC Server or SGSN, the corresponding entity shall check whether the LCS client has requested "last known location" in case of "detached" target UE.

If such a request exists and notification to the target UE does not apply for a value added LCS client, the VMSC, MSC Server or SGSN includes the "last known location" together with the time stamp available in its response to the request for location information.

An indicator of "last known location" returned shall be marked at the CDR at VMSC, MSC Server or SGSN.

9.1.4.5.3
Target UE is Reachable but Positioning Fails

If the target UE is reachable (e.g. paging succeeds), but the VMSC, MSC Server or SGSN is unable to obtain a current location estimate, then the corresponding entity shall check whether the LCS client has requested "last known location".

If such a request exists and notification to the target UE either does not apply or was successfully executed for a value added LCS client, the VMSC, MSC Server or SGSN includes the "last known location" (eg the cell ID / SAI where the paging response was received) together with the time stamp available in its response to the request for location information. An indicator of "last known location" returned shall be marked at the CDR at VMSC, MSC server or SGSN correspondingly.

9.1.4.5.4
MSC Server or SGSN.Target UE is "Purged"

If the target UE is marked as "Purged" in HLR/HSS, then an indication "Absent Subscriber" is returned to the GMLC.

9.1.5
Network Induced Location Request (NI-LR)

Figure 9.4 illustrates positioning for an emergency service call.
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Figure 9.4: Positioning for a NI-LR Emergency Service Call

9.1.5.1
Location Preparation Procedure 

1) 
An initially idle UE requests radio connection setup indicating a request for an Emergency Service call to the VMSC/MSC server via RAN.

2) 
RAN shall convey the CM service request to the core network. (Before having a CM connection there must be a radio connection.) The UE may identify itself using a TMSI, IMSI or IMEI.

3) 
The emergency call procedure is applied. The VMSC/MSC server, RAN and UE continue the normal procedure for emergency call origination towards the appropriate emergency services client. Depending on local regulatory requirements, the sending of call setup information into the PSTN may be delayed until either the UE's location has been obtained or the location attempt has failed or a PLMN defined timer has expired before location was obtained. Call setup information sent into the PSTN may include the UE location (if already obtained) plus information that will enable the emergency service provider to request UE location at a later time (e.g. NA-ESRD and NA-ESRK in North America).

4) 
At any time after step 1, the VMSC/MSC server may initiate procedures to obtain the UE's location. These procedures may run either in parallel with the emergency call origination or while emergency call origination is suspended to delay sending of call setup information into the PSTN according to step 3. The VMSC/MSC server sends a Location Request message to RAN associated with the UE's current location area (see step 6 for a MT-LR). This message includes the QoS required for an emergency call.

9.1.5.2
Positioning Measurement Establishment Procedure

5) 
When a location estimate best satisfying the requested QoS has been obtained, the RAN returns it to the MSC server in a location response. If a location estimate could not be obtained, the RAN returns a location response containing a failure cause and no location estimate.

9.1.5.3
Location Calculation and Release Procedure

6)
When a location estimate best satisfying the requested QoS has been obtained, RAN returns it to the VMSC/MSC server.
7)
Depending on local regulatory requirements, the VMSC/MSC server may send a MAP Subscriber Location report to a GMLC associated with the emergency services provider to which the emergency call has been or will be sent. This message shall carry any location estimate returned in step 6, the age of this estimate and may carry the MSISDN, IMSI and IMEI of the calling UE. In North America, any NA-ESRD and any NA-ESRK that may have been assigned by the VMSC/MSC server shall be included. The message shall also indicate the event that triggered the location report. If location failed (i.e. an error result was returned by RAN in step 6), an indication of failure rather than a location estimate may be sent to the GMLC: the indication of failure is conveyed by not including a location estimate in the MAP Subscriber Location Report.

8)
The GMLC acknowledges receipt of the location information. For a North American Emergency Services call, the GMLC shall store the location information for later retrieval by the emergency services LCS client. 

9)
The GMLC may optionally forward the information received in step 8 to the emergency services LCS client. For a North American emergency services call the client is expected to obtain the location information by requesting it from the GMLC.
10)
At some later time, the emergency services call is released.
11)
For a North American Emergency Services call, the MSC/MSC server sends another MAP Subscriber Location Report to the GMLC. This message may include the same parameters as before except that there is no position estimate and an indication of emergency call termination is included.
12)
The GMLC acknowledges the MSC/MSC server notification and may then release all information previously stored for the emergency call.
Editorial Note: The procedure for Network Induced Location Request (NI-LR and PS-NI-LR) for a Target UE in dedicated mode should be defined in UTRAN system stage 2 [1] and GERAN Stage 2 specifications [16].

9.1.6
Packet Switched Mobile Terminating Location Request
(PS-MT-LR)

Figure 9.5 illustrates the general network positioning for LCS clients external to the PLMN for packet switched services. In this scenario, it is assumed that the target UE is identified using an MSISDN, PDP address or IMSI.
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Figure 9.5: General Network Positioning for Packet Switched MT-LR

9.1.6.1
Location Preparation Procedure

1)
Common PS and CS MT-LR procedure as described in 9.1.1.

2)
GMLC sends a Provide Subscriber Location message to the SGSN indicated by the HLR/HSS. This message carries the type of location information requested (e.g. current location), the UE 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 session related location request, the message also carries the APN to which the user has established the session. For a value added LCS client, the message shall carry the client name and the external identity of the LCS client. For a PLMN operator LCS client, the message shall carry the internal identity of the LCS client.
3)
If the GMLC is located in another PLMN or another country, the SGSN first authenticates that a location request is allowed from this PLMN or from this country. If not, an error response is returned. The SGSN then verifies LCS barring restrictions in the UE user's subscription profile in the SGSN. 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 UE 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. 
If the UE is in idle mode, the SGSN performs paging. The paging procedure is defined in TS 23.060[15].


4)
Security functions may be executed. These procedures are defined in TS 23.060 [15].

5)
If the location request comes from a value added LCS client and the UE subscription profile indicates that the UE must either be notified or notified with privacy verification and the UE supports notification of LCS, a notification invoke message is sent to the target UE indicating the type of location request (e.g. current location) and the identity of the LCS client and whether privacy verification is required. Optionally, the SGSN may after sending the LCS Location Notification Invoke message continue in parallel the location process, i.e. continue to step 7 without waiting for a LCS Location Notification Return Result message in step 6.

6)
The target UE notifies the UE user of the location request and, if privacy verification was requested, waits for the user to grant or withhold permission. The UE then returns a notification result to the SGSN indicating, if privacy verification was requested, whether permission is granted or denied. Optionally, this message can be returned some time after step 5, but before step 10. If the UE user does not respond after a predetermined time period, the SGSN shall infer a "no response" condition. The SGSN shall return an error response to the GMLC if privacy verification was requested and either the UE user denies permission or there is no response with the UE subscription profile indicating barring of the location request.

7)
The SGSN sends a Location Request message to the RAN. This message includes the type of location information requested, the requested QoS and any other location information received in paging response.

9.1.6.2
Positioning Measurement Establishment Procedure

8)
If the requested location information and the location accuracy within the QoS can be satisfied based on parameters received from the SGSN and the parameters obtained by the RAN e.g. cell coverage and timing information (i.e. RTT), the RAN may send a Location Report immediately. Otherwise, the RAN determines the positioning method and instigates the particular message sequence for this method in UTRAN Stage 2 TS 25.305. If the position method returns position measurements, the RAN uses them to compute a location estimate. If there has been a failure to obtain position measurements, the RAN may use the current or last known cell information and, if available, RTT value to derive an approximate location estimate. If an already computed location estimate is returned for an UE based position method, the RAN may verify consistency with the current cell and, if available, RTT. If the location estimate so obtained does not satisfy the requested accuracy and sufficient response time still remains, the RAN may instigate a further location attempt using the same or a different position method. If a vertical location co‑ordinate is requested but the RAN can only obtain horizontal co-ordinates, these may be returned.

9.1.6.3
Location Calculation and Release Procedure

9)
When location information best satisfying the requested location type and QoS has been obtained, the RAN returns it to the SGSN in a Location Report message. If a location estimate could not be obtained, the RAN returns a Location Report message containing a failure cause and no location estimate.

10)
The SGSN returns the location information and its age to the GMLC, if the SGSN has not initiated the Privacy Verification process in step 5. If step 5 has been performed for privacy verification, the SGSN returns the location information only, if it has received a LCS Location Notification Return Result indicating that permission is granted. If a LCS Location Notification Return Result message indicating that permission is not granted is received, or there is no response, with the UE subscription profile indicating barring of location, the SGSN shall return an error response to the GMLC. If the SGSN did not return a successful location estimate, but the privacy checks were successfully executed, the SGSN may return the last known location of the target UE if this is known and the LCS client is requesting the current or last known location. The SGSN may record billing information.

11)
The GMLC returns the UE location information to the requesting LCS client. If the LCS client requires it, the GMLC may first transform the universal location co-ordinates provided by the SGSN into some local geographic system. The GMLC may record billing for both the LCS client and inter-network revenue charges from the SGSN's network.
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1
Introduction



With R’96, R’97 and R’98 it has been possible to build services based on the last known “GSM cell ID” of the mobile. Unfortunately, R’99 (and later) seems to have damaged this functionality. Vodafone would like to see this functionality restored.



2
Summary of problem



An Any Time Interrogate command can be sent from a CAMEL platform to an HLR in order to obtain the mobile’s last known location. This triggers a Provide Subscriber information message to the MSC which, if the Gs interface is in use, triggers an MS Information Request message to the SGSN. If the mobile has an Iu interface connection to the SGSN, then a Location Report Control message is sent to the RNC. If the mobile is in URA-PCH state but is out of coverage, then the RNC should return its most accurate location information to the SGSN. This would be the last known cell ID (mapped one to one to a Service Area ID). Currently the Iu interface Location Report message cannot carry any ‘age of location information’ and so the SGSN will (because it has an active Iu connection for that mobile) assume that the mobile is currently in coverage in that cell and insert “age =zero” information onto the Gs interface. This “age=zero” information will be incorrectly transported all the way back to the application.



This problem seems relatively easy to fix by 



(a) adding an ‘age of location information’ field to the Iu Location report message, and, 



(b) specifying that the SGSN copies the Age information from the Iu interface onto the Gs interface (R’99 and onwards) and, for R’4 and onwards, onto the MAP interface to the GMLC.



The following figures show how existing functionality can be used, and the impact of the introduction of UMTS. 



3
Basic GSM R’96 procedure to find last known Cell ID



Any Time Interrogation and Provide Subscriber Information are MAP messages that provide CAMEL functionality.
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If the mobile is not in a call, then the MSC can return the last known Cell ID and the ‘age’ of this location information. The Age information is in minutes. Age is probably used to avoid any need for the MSC to accurately know the time.
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If the mobile is in a call with the MSC, the BSS always informs the MSC of every cell change that the mobile makes. Hence the MSC always knows which cell a mobile is using during a GSM call. When the mobile is in a call, the MSC sets the “Age” field to zero to indicate that the mobile is ‘connected’ and that the cell information is totally up to date.



2
Basic UMTS MSC procedure to find last known Cell ID
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This is basically the same as GSM, except that MAP carries the SAI rather than the Cell ID.
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In UMTS, the UTRAN does not automatically report all cell changes to the MSC. Hence when the mobile is in a call and the HLR asks for the last known cell ID, then the MSC has to invoke the Iu interface Location Reporting Control procedure.



4
GSM R’97 procedure to find last known Cell ID with Gs interface
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When the mobile is not in a call, but the mobile is attached via the SGSN and Gs interface, the Gs interface signalling is used to obtain the Cell ID from the SGSN.



4
R’99 procedure to find last known SAI with Gs interface
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When the mobile does not have an RRC connection (and hence no Iu connection), this procedure is very similar to that for GSM R’97, except that SAI is returned rather than CGI.
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When there is an Iu interface connection with only the SGSN, and the mobile is in coverage, then the above procedure returns the current SAI, and, the SGSN/MSC correctly adds an “Age=zero” field.
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Fig 8. UMTS MS attached to CS and PS domains. No Iu interface connection to MSC. Gs interface present. Iu interface connection to SGSN. MS in URA-PCH state, but out of coverage. Current (incorrect) behaviour. Problems shown in red.



However, when there is one Iu interface connection to the SGSN but the mobile has temporarily gone out of coverage, then, what happens?



A decent implementation of the RNC should return its most accurate information, namely the last known cell ID (converted by a one to one mapping into SAI) along with an indication of how long ago that the mobile was in that cell. Unfortunately, the Iu interface signalling does not carry an “age of location field”. 



Even worse, the SGSN regards the out of coverage mobile as “connected” and adds a “age=zero” field to the information returned to the MSC/HLR.
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Fig 9. UMTS MS attached to CS and PS domains. No Iu interface  connection to MSC. Gs interface present. Iu interface connection to SGSN. MS in URA-PCH state, but out of coverage. 


Proposed modified (correct) behaviour. Changes to existing signalling protocols shown in blue.



This problem seems relatively easy to fix by 



(a) adding an ‘age of location information’ field to the Iu Location report message, and, 



(b) specifying that the SGSN copies the Age information from the Iu interface onto the Gs interface (R’99 and onwards) and, for R’4 and onwards, onto the MAP interface to the GMLC.
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3 MS info. req. (mobile location information)



4 MS Info. Response (Service Area ID, age)



gsmSCF


















_1071660418.ppt






HLR



MSC



SGSN



RNS



UE



4 Any Time Interrogate



5 Provide Subscriber Info.



12 Response (current SAI, age=zero)



13 Response (current SAI, age=zero)



6 MS info. req. (mobile location information)



11 MS Info. Response (current Service Area ID, age=zero)



7 Location Reporting Control (Direct)



10 Location Report (last known SAI, NO age info.)



  1 RRC connection 



2 SCCP connection (initial SAI)



8 Page



3 UE goes out of coverage



9 NO answer to page



gsmSCF


















_1072645697.ppt






HLR



MSC



SGSN



RNS



UE



4 Any Time Interrogate



5 Provide Subscriber Info.



12 Response (last known SAI, age info.)



13 Response (last known SAI, age info.)



6 MS info. req. (mobile location information)



11 MS Info. Response (last known Service Area ID, age info.)



7 Location Reporting Control (Direct)



10 Location Report (last known SAI, age info.)



  1 RRC connection 



2 SCCP connection (initial SAI)



8 Page



3 UE goes out of coverage



9 NO answer to page



gsmSCF


















_1071660399.ppt






HLR



MSC



SGSN



RNS



UE



3 Any Time Interrogate



4 Provide Subscriber Info.



9 Response (current SAI, age=zero)



10 Response (current SAI, age=zero)



Fig 7. UMTS MS attached to CS and PS domains. No Iu interface  connection to MSC. Gs interface present. Iu interface connection to SGSN. MS not in URA-PCH state.
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Fig 5.	GSM MS attached to CS and PS domain. No A interface connection to MSC. Gs interface present.
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Fig 2. GSM mobile, connected to MSC
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Fig 3. UMTS mobile, not connected to MSC, no Gs interface
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