
Title:
Stage Two input for LCS in GPRS
Summary: 

This contribution is a proposal for GPRS protocol design and overall stage two Network Positioning Procedures (signalling sequences) for GPRS. This contribution does not consider GERAN circuit switched services or GERAN LCS for the case where the Iu interface is utilized.
Proposal

Review the contribution and discuss. Also consider if this type of material (protocol stacks and flows for GPRS) should be included in 3G TS 43.059 or 3G TS 23.271.

1.0 Introduction

This document contains proposals for architecture, protocol stacks, and stage two sequences for GPRS (i.e. Iu-based GERAN LCS related items are not included in this document).

2.0 Proposed GPRS LCS Architecture

This figure describes the LCS in GPRS architecture for both the GERAN and Core Network parts of the architecture.
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Figure 1: LCS in GPRS architecture

3
Signalling Protocols and Interfaces

3.1
SMLC Signaling to a Target MS in Packet Mode

Figure 2 shows the protocol layers used to support signaling between an SMLC and target MS in packet mode.
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Figure 2: Signalling between an SMLC and Target MS in packet mode 

3.2
Signalling between an SMLC, BSS and SGSN

Figure 3 shows the protocol layers used to support LCS signaling between the SMLC, BSS and SGSN. 
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Figure 3: Signalling between an SMLC, BSS and SGSN for Location Services

3.3
SGSN LCS Signaling to a Target MS

Figure 4 shows the protocol layers used to support signaling between an SGSN and target MS for LCS.
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Figure 4: SGSN LCS Signaling to a Target MS

4
General Network Location Procedures

4.1
State Description for the SGSN

4.1.1
SGSN States

4.1.1.1
IDLE State

In this state, the SGSN location service is inactive for a particular MS. The MS may be known in the SGSN, but there may not be an active GPRS Mobility Management or GPRS Radio Resource connection to the MS.

4.1.1.2
LOCATION State

In this state, the SGSN is awaiting a response from either a BSS after requesting the location for a particular MS.  In this state, a GPRS Radio Resource connection and a GPRS Mobility Management connection to the target MS will be active – allowing the SMLC and MS to exchange positioning related messages for mobile based and mobile assisted position methods. For certain position methods (e.g. the TA position method), the SMLC may invoke substates in the SGSN during which other types of association are maintained with the MS (e.g. temporary call establishment). Such substates are defined in later sections for each positioning method.

4.2.2
State Functionality

4.2.2.1
State Transitions
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Figure 5: State Transitions in the SGSN

Moving from IDLE to LOCATION state:

After a request has been received to locate a particular MS and the MS subscription options have been verified, a location request is sent to the BSS associated with the serving cell of the MS to be located: the SGSN then enters the LOCATION state. Before entering this state, the SGSN must have obtained the current cell ID for the MS and setup a GPRS Radio Resource and GPRS Mobility Management connection to the MS if none was previously active.

Moving from LOCATION to IDLE state:
After the return of a location estimate result from the BSS, the SGSN shall reenter IDLE state.

4.2.2.2
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 BSS. If the timer expires before such information is received, the SGSN indicates a location failure to the original requesting entity and reenters IDLE state.

5
General Network Positioning Sequences

The generic network positioning procedure of providing the location information of an MS subscriber can be partitioned into the following procedures:

Location Preparation Procedure 

This generic procedure is concerned with verifying the privacy restrictions of the MS subscriber, reserving network resources, communicating with the MS to be located and determining the positioning method to be used for locating the MS subscriber based on the requested QoS and the MS and network capabilities.

Positioning Measurement Establishment Procedure
This procedure is concerned with performing measurements by involving the necessary network and/or MS resources. Depending on the positioning method to be used for locating the MS the internals of this procedure can be positioning method dependent. The procedure is completed with the end of the positioning measurements.

Location Calculation and Release Procedure
This generic procedure is initiated after the measurements are completed and is concerned with calculating the location of the MS and releasing all network and/or MS resources involved in the positioning.

5.1
Packet Switched Mobile Terminating Location Request 
(PS-MT-LR)

Figure 6 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 MS is identified using an MSISDN, PDP address or IMSI.
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Figure 6: General Network Positioning for Packet Switched PS-MT-LR

5.1.1
Location Preparation Procedure

(1) See 3G TS 23.271.

(2) See 3G TS 23.271.

(3) See 3G TS 23.271.

(4) See 3G TS 23.271.

(5) 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 MS 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 MS 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. Otherwise, if the MS is in idle mode, the SGSN performs paging, authentication and ciphering. This procedure will provide the MS user's current cell ID in the BSSGP message that carries the page response. If the target MS supports any MS based or MS assisted positioning method(s), the MS will also provide the BSS and MSC with the positioning method(s) it supports via controlled early classmark sending (FFS). If the MS is instead in packet transfer mode, the SGSN will already have any early classmark information (FFS) and will have been supplied with the current cell ID from the serving BSS. If the Timing Advance (TA) value is needed, the SGSN may send a Packet Polling Request message to request the MS to send access bursts.

(6) If the location request comes from a value added LCS client and the MS subscription profile indicates that the MS must either be notified or notified with privacy verification and the MS supports notification of LCS (according to the MS's capability information), an GMM LCS Location Notification Invoke message is sent to the target MS 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 GMM LCS Location Notification Invoke message continue in parallel the location process, i.e. continue to step 8 without waiting for a LCS Location Notification Return Result message in step 7 (FFS).

(7) The target MS notifies the MS user of the location request and, if privacy verification was requested, the target MS indicates to the MS user whether the location request will be allowed or not allowed in the absence of a response and waits for the user to grant or withhold permission. The MS then returns a GMM LCS Location Notification Return Result to the SGSN indicating, if privacy verification was requested, whether permission is granted or denied. Optionally, the GMM LCS Location Notification Return Result message can be returned some time after step 7, but before step 13 (FFS). If the MS 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 MS user denies permission or there is no response with the MS subscription profile indicating barring of the location request in the absence of a response.
(8) The SGSN sends the BSSGP Perform Location request message to the serving BSS for the target MS.

(9) The BSS forwards the message received in step 8 to the SMLC in a BSSMAP-LE Perform Location request message. The BSS may add additional measurement data to the message to assist with positioning. The message is transported inside an SCCP connection request.

5.1.2
Positioning Measurement Establishment Procedure

(10) If the requested location information and the location accuracy within the QoS can be satisfied by the reported cell ID and, if available, TA value, the SMLC may send a BSSMAP-LE Perform Location response immediately. Otherwise, the SMLC determines the positioning method and instigates the particular message sequence for this method defined in subsequent sections. If the position method returns position measurements, the SMLC uses them to compute a location estimate. If there has been a failure to obtain position measurements, the SMLC may use the current cell ID and, if available, TA value to derive an approximate location estimate. If an already computed location estimate is returned for an MS based position method, the SMLC may verify consistency with the current cell ID and, if available, TA value. If the location estimate so obtained does not satisfy the requested accuracy or the location attempt failed, e.g. due to missing data, and sufficient response time still remains, the SMLC may instigate a further location attempt using the same (e.g. providing more assistance data to MS) or a different position method. If a vertical location co-ordinate is requested but the SMLC can only obtain horizontal co-ordinates, these may be returned.

5.1.3
Location Calculation and Release Procedure

(11) When location information best satisfying the requested location type and QoS has been obtained, the SMLC returns it to the BSS in a BSSMAP-LE Perform Location response message. If a location estimate could not be obtained, the SMLC returns a BSSMAP-LE Perform Location response containing a failure cause and no location estimate.

(12) The BSS forwards the BSSMAP-LE Perform Location response message received in step 11 to the SGSN in a BSSGP Perform Location response message.

(13) See 3G TS 23.271.

(14) See 3G TS 23.271.
NOTE: Steps 10 – 14 may be repeated a number of times in case of periodic location request.  

5.2
Network Induced Location Request (PS-NI-LR)

Figure 7 illustrates a network induced location request from the SGSN. This procedure may be used e.g. for positioning of an emergency call.
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Figure 7 Network Induced Location Request

5.2.1
Location Preparation Procedure

(1) The SGSN sends a BSSGP Perform Location request message to the BSS. This message indicates the type of location information requested, the MS's/UE's location capabilities and requested QoS. 

5.2.2
Positioning Measurement Establishment Procedure

(2) The BSS forwards the message received in step 1 to the SMLC in a BSSMAP-LE Perform Location request message. The BSS may add additional measurement data to the message to assist with positioning. The message is transported inside an SCCP connection request.

(3) If the requested location information and the location accuracy within the QoS can be satisfied based on parameters received from the BSS, the SMLC may return a BSSMAP-LE Perform Location response immediately. Otherwise, the SMLC determines the positioning method and instigates the particular message sequence for this method. If the position method returns position measurements, the SMLC uses them to compute a location estimate. If there has been a failure to obtain position measurements, the SMLC may use the current cell information and, if available, TA or RTT value to derive an approximate location estimate. If an already computed location estimate is returned for an MS based position method, the SMLC may verify consistency with the current cell and, if available, RTT or TA value. If the location estimate so obtained does not satisfy the requested accuracy and sufficient response time still remains, the SMLC may instigate a further location attempt using the same or a different position method. If a vertical location co-ordinate is requested but the SMLC can only obtain horizontal co-ordinates, these may be returned.


5.2.3
Location Calculation and Release Procedure

(4) When location information best satisfying the requested location type and QoS has been obtained, the SMLC returns it to the BSS in a BSSMAP-LE Perform Location response message. If a location estimate could not be obtained, the SMLC returns a BSSMAP-LE Perform Location response containing a failure cause and no location estimate.

(5) The BSS forwards the BSSMAP-LE Perform Location response message received in step 4 to the SGSN in a BSSGP Perform Location response message.

(6) See 3G TS 23.271.

(7) See 3G TS 23.271.

(8) See 3G TS 23.271.

5.3
PS-MT-LR for a previously obtained location estimate

Every time the location estimate of a target MS subscriber is returned by the SMLC to the SGSN, the SGSN may store the location estimate together with a time stamp in the subscriber's record. 

The time stamp is the time at which the location estimate is stored at the SGSN i.e. after the SMLC returns the location estimate to the SGSN. The time stamp indicates the 'age' of the location estimate.

5.3.1
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'.

5.3.2
Current Location

After a location attempt has succesfully del;ivered a location estimate and its assocoiated time stamp, the location estimate and time stamp is referred to as the 'current location' at that point in time.

5.3.3
Last known Location

The current location estimate and its associated time stamp are stored in 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.

5.3.4
Security and Privacy

The handling of security and privacy of the target MS with regard to returning the last known or initial location estimate of the target MS shall be the same as when the target MS is reachable for positioning. (i.e. the requesting LCS client is authorized and the privacy of the target MS is secured before the SGSN check the status of the target MS (i.e. whether the MS is marked as attached or detached in the SGSN).
5.3.5
Failing to locate the target MS

In case of a  'Detached' or 'Not Reachable' target MS, the last known location and a time stamp stored at the SGSN, 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 MS subscribes to notification of the location request: if the notification cannot be performed, the SGSN shall reject the location request.

NOTE:
Due to CAMEL, the SGSN may already be storing other location information parameters like location number, cell id, location area identity and SGSN number in the subscriber's record.

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

If the SGSN has a valid copy of the subscriber's permanent data and the target MS's privacy settings are such that positioning is allowed, then the following cases can occur.
5.3.5.1
Target MS is 'Not Reachable'

If the target MS is marked as 'attached' in the SGSN, the SGSN orders paging of the target MS. If paging fails, due to target MS being 'not reachable' then SGSN shall check whether the LCS client has requested 'last known location' in case of 'not reachable' target MS.

If such a request exists and notification to the target MS does not apply for a value added LCS client, the SGSN shall include 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 SGSN. 
5.3.5.2
Target MS is 'Detached'

If the target MS is marked as 'detached' in the SGSN, the SGSN shall check whether the LCS client has requested 'last known location' in case of 'detached' target MS. 

If such a request exists and notification to the target MS does not apply for a value added LCS client, the 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 SGSN. 
5.3.5.3
Target MS is Reachable but Positioning Fails

If the target MS is reachable (e.g. paging succeeds), but the SGSN is unable to obtain a current location estimate, the SGSN shall check whether the LCS client has requested 'last known location'.

If such a request exists and notification to the target MS either does not apply or was successfully executed for a value added LCS client, the 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 SGSN.

5.3.5.4
Target MS is 'Purged'

If the target MS is marked as 'Purged' in HLR, then an indication 'Absent Subscriber' is returned to the GMLC. 

5.4
Mobile Originating Location Request, Packet Switched (PS-MO-LR)

The following procedure allows an MS to request either its own location, location assistance data or broadcast assistance data message ciphering keys from the network. Location assistance data may be used subsequently by the MS to compute its own location throughout an extended interval using a mobile based position method. The ciphering key enables the MS to decipher other location assistance data broadcast periodically by the network. The MO-LR after location update request may be used to request ciphering keys or GPS assistance data using the follow-on procedure described in GSM 04.08. The procedure may also be used to enable an MS to request that its own location be sent to another LCS client.
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Figure 8 General Network Positioning for MO-LR

5.4.1
Location Preparation Procedure

1)
The MS includes the current cell ID and TA value (if available) within the GMM LCS MO-LR message used to convey the LCS service request across the Gb-interface to the SGSN. If the MS is requesting its own location or that its own location be sent to another LCS client, this message carries LCS QoS information (e.g. accuracy, response time). If the MS is requesting that its location be sent to another LCS client, the message shall include the identity of the LCS client and may include the address of the GMLC through which the LCS client should be accessed. If a GMLC address is not included, the SGSN may assign its own GMLC address and may verify that the identified LCS client is supported by this GMLC. If a GMLC address is not available for this case, the SGSN shall reject the location request. If the MS is instead requesting location assistance data or ciphering keys, the message specifies the type of assistance data or deciphering keys and the positioning method for which the assistance data or deciphering applies. The SGSN verifies in the MS's subscription profile that the MS has permission to request its own location, request that its location be sent to another LCS client  or request location assistance data or deciphering keys (whichever applies). If the MS is requesting positioning and has an established call, the SGSN may reject the request for certain non-speech call types.

2)
The SGSN may instigate authentication and ciphering. If the target MS supports any MS based or MS assisted positioning method(s), the MS will provide the BSS and MSC with the positioning method(s) it supports via controlled early classmark (FFS) sending (see GSM 04.18). If the Timing Advance (TA) value is needed by the SGSN, the SGSN may send a Packet Polling Request message to request the MS to send access bursts.

3)
The SGSN sends a BSSGP Perform Location request message to the SMLC associated with the MS's current cell location. The BSSGP message indicates whether a location estimate or location assistance data is requested and includes the MS's location capabilities and current cell ID. If the MS's location is requested, the message also includes the currently assigned radio channel type (PDCH), the requested QoS and, if available and any location measurement information including the TA value received from the BSS in step 2. If location assistance data is instead requested, the message carries the requested types of location assistance data.
4)
The BSS forwards the BSSGP Perform Location request received in step 6 in a BSSMAP-LE Perform Location request to the SMLC. If the MS's location is requested, the BSS may add additional measurement data to the message to assist with positioning. The message is transported inside an SCCP connection request.
5.4.2
Positioning Measurement Establishment Procedure

5)
If the MS is requesting its own location, the actions described under step 10 for a PS-MT-LR are performed. If the MS is instead requesting location assistance data, the SMLC transfers this data to the MS as described in subsequent sections. The SMLC determines the exact location assistance data to transfer according to the type of data specified by the MS, the MS location capabilities and the current cell ID.
5.4.3
Location Calculation and Release Procedure

6)
When a location estimate best satisfying the requested QoS has been obtained or when the requested location assistance data has been transferred to the MS, the SMLC returns a BSSMAP-LE Perform Location response to the BSS. This message carries the location estimate or ciphering keys if this was obtained. If a location estimate or deciphering keys were not successfully obtained or if the requested location assistance data could not be transferred successfully to the MS, a failure cause is included in the Perform Location response.
7)
The BSS forwards the BSSMAP-LE Perform Location response message received in step 6 in a BSSGP Perform Location response message to the SGSN.

8)
If the MS requested transfer of its location to another LCS client and a location estimate was successfully obtained, the SGSN shall send a MAP Subscriber Location Report to the GMLC obtained in step 1 carrying the MSISDN of the MS, the identity of the LCS client, the event causing the location estimate (MO-LR) and the location estimate and its age.

9)
The GMLC shall acknowledge receipt of the location estimate provided that is serves the identified LCS client and the client is accessible.

10)
The GMLC transfers the location information to the LCS client either immediately or upon request from the client.

11)
The SGSN returns a GMM LCS MO-LR response to the MS carrying any location estimate requested by the MS, ciphering keys or a confirmation that a location estimate was successfully transferred to the GMLC serving an LCS client.
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