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9.1.1A
Common MT-LR procedure in PS and CS domain for Emergency MT-LR
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Figure 9.1A: Network Positioning for an Emergency MT-LR

1)
An external LCS client which has the privacy override capability, (e.g. Emergency service provider), requests the location of a target UE from a GMLC. The R-GMLC verifies the identity of the LCS client and its subscription to the LCS service requested and derives the MSISDN or IMSI of the target UE to be located and the LCS QoS from either subscription data or data supplied by the LCS client.

2)
If the R-GMLC already knows IMSI for the particular MSISDN, (e.g. from a previous location request) and the VMSC/MSC server address, SGSN address or MME address, this step and step 3 may be skipped. Otherwise, the R-GMLC sends a SEND_ROUTING_INFO_FOR_LCS message to the home HLR/HSS of the target UE to be located with the IMSI or MSISDN of this UE.

3)
The HLR/HSS verifies whether the R-GMLC is authorized to request UE location information. If not, an error response is returned.
Otherwise the HLR/HSS returns one or several of the network addresses of the current SGSN and/or VMSC/MSC server and/or current MME and whichever of the IMSI and MSISDN that was not provided in step 2. The HLR/HSS also returns the address of the V-GMLC associated with the serving nodes, if available.

NOTE 1:
HLR/HSS may prioritise between the MSC/VLR, SGSN or MME address sent to the GMLC. The prioritisation might be based on information received from SGSN and/or MSC/VLR and/or MME concerning the UE's capabilities for LCS. Other priority criteria are for further study.
NOTE 2:
If ISR is active for LTE access, the HSS may return the address of both the current MME and current SGSN.
4)
In the cases when the R-GMLC did not receive the address of the V-GMLC, or when the V-GMLC address is the same as the R-GMLC address, or when both PLMN operators agree not to use the Lr interface, the R-GMLC does not send the location request to the V-GMLC and the step 6 is skipped. In this case, the R-GMLC sends the location service request message directly to the serving node.
If the R-GMLC received the address of the V-GMLC from the HLR/HSS and the V-GMLC address is different from the R-GMLC address, the R-GMLC sends the location request to the V-GMLC. The location request shall contain one or several of the network addresses of the current SGSN and/or MSC/VLR, the IMSI and MSISDN of the target UE and the privacy override indicator. The V-GMLC first authenticates that the location request is allowed from this GMLC, PLMN or from this country. If not, the positioning request is rejected and an error response is returned. Otherwise, it sets the privacy indicator to "not allowed" and includes it with the POI in the Provide Subscriber Location message.

5)
In case the GMLC receives only the MSC/VLR address, the MT LR proceeds as the CS-MT-LR procedure described in 9.1.2. In case GMLC receives only the SGSN address, the MT LR proceeds as the PS-MT-LR procedure described in 9.1.6. In case GMLC receives only the MME address, the MT LR proceeds as the EPC-MT-LR procedure described in 9.1.15. In case the GMLC receives several of the following addresses, SGSN, VMSC, MSC Server and/or MME, it has to decide where to send the location request. In any case the serving node checks for POI applicability.

NOTE:
The order in which these procedures are invoked and whether one or both procedures are used may depend on information in the LCS service request, subscription information for the LCS client, possible priority information returned by the HLR/HSS or information already stored in the GMLC (e.g. obtained from previous location requests).

6)
The V-GMLC sends the location service response to the R-GMLC. The location service response may contain the information about the positioning method used. The V-GMLC may record charging information.

7)
R-GMLC sends the location service response to the LCS client. If the LCS client requires it, the R-GMLC may first transform the universal location co-ordinates provided by the SGSN or MSC/MSC server into some local geographic system. The location service response from the GMLC to the LCS client may contain the information about the positioning method used. After receiving (stage 3) acknowledgement from the LCS client, the R-GMLC may record charging information both for the LCS client and inter-network revenue charges from the SGSN or MSC/MSC server's network.

The detailed CS-MT-LR, PS-MT-LR and EPC-MT-LR procedures in step 5 of figure 9.1A are described in 9.1.2, 9.1.6 and 9.1.15.
**** NEXT PROPOSED CHANGES ****
9.1.15
EPC Mobile Terminating Location Request (EPC-MT-LR)

Figure 9.18 illustrates the general network positioning for LCS clients external to the PLMN for EPC services. In this scenario, it is assumed that the target UE is identified using an MSISDN or IMSI.
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Figure 9.18: General Network Positioning for EPC-MT-LR

9.1.15.1
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 MME indicated by the HLR/HSS. This message carries the type of location information requested (e.g. current location and optionally, velocity), 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-NI to which the user has established the session. For a value added LCS client, the message shall carry the client name, the external identity of the LCS client (or the pseudo external identity) and the Requestor Identity (if that is both supported and available), optionally the message may also carry the Service Type. Also the message may carry the type of the LCS client name and also the type of the Requestor identity if the requestor identity was included. If the result of the privacy check at H-GMLC/PPR indicated that the codeword shall be sent to the UE user, the message may carry also the codeword received from the LCS client. For a PLMN operator LCS client, the message shall carry the internal identity of the LCS client. If the Requestor Identity is provided, the GMLC shall send it as separate information. The message also shall carry the indicators of privacy related action which is described in chapter 9.5.4, if it is provided by H-GMLC.
3)
If the GMLC is located in another PLMN or another country, the MME first authenticates that a location request is allowed from this PLMN or from this country. If not, an error response is returned. If the PSL message from the GMLC includes the indicators of privacy related action, the MME determines a required privacy related action as described in Annex A.3.  If the UE is in ECM-IDLE state, the MME performs a network triggered service request as defined in TS 23.401 [41] in order to establish a signalling connection with the UE and assign a specific eNodeB.
4)
If the location request comes from a value added LCS client and the indicators of privacy related action 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 from the LCS Client (e.g. current location or "current or last known location") and the identity of the LCS client and the Requestor Identity (if that is both supported and available), whether privacy verification is required. Also the message may indicate the type of the LCS client name and also the type of the Requestor identity if the requestor identity was included. Moreover, the message may carry also the service type and the codeword. Optionally, the MME may after sending the NAS Location Notification Invoke message continue in parallel the location process, i.e. continue to step 6 without waiting for a LCS Location Notification Return Result message in step 5.

5)
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 MME indicating, if privacy verification was requested, whether permission is granted or denied. Optionally, this message can be returned some time after step 4, but before step 9. If the UE user does not respond after a predetermined time period, the MME shall infer a "no response" condition. The MME 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 privacy profile received from the GMLC indicating barring of the location request.

6)
The MME sends a Location Request message to the E-SMLC. In the case of multiple E-SMLCs being available, the MME may select an E-SMLC according to the LCS Client type and requested QoS. The Location Request includes the type of location information requested, the requested QoS, identity of serving eNodeB and and UE location capabilities.

9.1.15.2
Positioning Measurement Establishment Procedure

7)
If the requested location information and the location accuracy within the QoS can be satisfied based on parameters received from the MME, e.g. eNodeB identity, the E-SMLC may send a Location Response immediately. Otherwise, the E-SMLC determines the positioning method and instigates the particular message sequence for this method as described in subclause 9.3a]. If the position method returns position measurements, the E-SMLC uses them to compute a location estimate. If there has been a failure to obtain position measurements, the E-SMLC may use the current eNodeB identity to derive an approximate location estimate. If an already computed location estimate is returned for an UE based position method, the E-SMLC may verify consistency with the current eNodeB. If the location estimate so obtained does not satisfy the requested accuracy and sufficient response time still remains, the E-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 E-SMLC can only obtain horizontal co-ordinates, these may be returned.

9.1.15.3
Location Calculation and Release Procedure

8)
When location information best satisfying the requested location type and QoS has been obtained, the E-SMLCD returns it to the MME in a Location Response message. E-SMLC shall in its response include an indication whether the obtained location estimate satisfies the requested accuracy or not. The information of the positioning method used may be returned with the location information. If a location estimate could not be obtained, the E-SMLC returns a Location Response message containing a failure cause and no location estimate.

9)
The MME returns the location information, its age and obtained accuracy indication to the GMLC, if the MME has not initiated the Privacy Verification process in step 4. If step 4 has been performed for privacy verification, the MME returns the location information only, if it has received a NAS Location Notification Return Result indicating that permission is granted. In these cases, the information about the positioning method used may be sent with the location information. If a NAS Location Notification Return Result message indicating that permission is not granted is received, or there is no response, with the requested privacy action or the UE subscription profile indicating barring of location, the MME shall return an error response to the GMLC. If the MME did not return a successful location estimate, but the privacy checks were successfully executed, the MME 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 MME may record charging information.

11)
Common MT-LR procedure in PS and CS domain as described in 9.1.1.

9.1.16
EPC-MT-LR without HLR Query

Figure 9.19 illustrates current or last known location requests for an emergency services call, where an emergency services client (i.e., a Public Safety Answering Point) identifies the target UE and the serving LRF using correlation information that was previously provided to it by the IMS Core. The signalling used to provide the correlation information to the PSAP is defined in TS 23.167 [36a]. The correlation information may be used by the LRF to retrieve other information previously provided to it by the IMS Core as per TS 23.167 [36a] and/or MME as described in clause 9.1.17.x. This allows the V‑GMLC associated with the LRF to request location from the MME without first querying the home HLR of the target UE. This scenario therefore supports location of emergency calls from roamers or SIM-less emergency calls, or non-registered (U)SIM emergency calls, and requires that the initial location, as well as UE and MME identifying information had been pushed to the GMLC/LRF as per clause 9.1.17.x or as per TS 23.167 [36a].
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Figure 9.19: Positioning for a Emergency Services EPC-MT-LR without HLR Query

1)
Same as step 1 in figure 9.1 but with the LCS client (PSAP) identifying first the target UE and the serving LRF by previously supplied correlation information for the emergency call.

2)
The LRF/GMLC may determine the MME by associating the correlation information received from the PSAP with other information received previously from the MME using an EPC‑NI‑LR as in clause 9.1.17 and/or from the IMS core as in TS 23.167 [36a]. The  Provide Subscriber Location message sent to the MME carries, if available, the MSISDN or the IMSI and, if available, the IMEI for the target UE, as well as the required QoS and an indication of a location request from an emergency services client. The MME identifies the target UE using the IMSI, MSISDN and/or the IMEI. In case of a SIM-less emergency call, or non-registered (U)SIM emergency call, the IMEI shall be always sent.

3)
The MME verifies that UE privacy is overridden by the emergency services provider and that positioning is not prevented for other reasons (e.g. unreachable UE). The MME then sends a Location Request to the E-SMLC, as for a normal EPC‑MT‑LR.

4)
E-SMLC performs positioning as for a normal EPC‑MT‑LR.

5)
E-SMLC returns a location estimate to the MME as for a normal EPC‑MT‑LR.

6)
The MME returns the location information, its age and obtained accuracy indication to the LRF/GMLC. The information about the positioning method used may be sent with the location information. If the E-SMLC did not return a successful location estimate, the MME 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.

7)
The LRF sends the location service response to the LCS client (PSAP).

NOTE:
The MME determined by the LRF/GMLC in step 2 must be the current MME for the UE. In the event of handover to a new MME, this may require updating of the GMLC using the EPC‑NI‑LR procedure in clause 9.1.17.

9.1.17
EPC Network Induced Location Request (EPC-NI-LR)

At any time after detecting an emergency situation (i.e. after emergency Attach, UE requested emergency PDN Connectivity), the MME may initiate the EPC Network Induced Location Request (EPC‑NI‑LR) procedure. The procedure is illustrated in figure 9.20.
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Figure 9.20: Network Induced Location Request for EPC

1)
Following an emergency call invocation from the user, the UE attaches to the EPS if not already attached and obtains an emergency associated IP Bearer for the user plane in a serving gateway and PDN gateway. As part of the Attach procedure, the positioning capabilities of the UE are provided by the UE to the MME.

2)
The MME sends a Location Request message to the E-SMLC. This message indicates the type of location information requested, requested QoS, UE location capabilities and current eNodeB identity. 

9.117.1
Positioning Measurement Establishment Procedure

3)
If the requested location information and the location accuracy within the QoS can be satisfied based on parameters received from the MME, e.g. eNodeB identity, the E-SMLC may send a Location Response immediately. Otherwise, the E-SMLC determines the positioning method and instigates the particular message sequence for this method as described in subclause 9.3a. If the position method returns position measurements, the E-SMLC uses them to compute a location estimate. If there has been a failure to obtain position measurements, the E-SMLC may use the current eNodeB identity to derive an approximate location estimate. If an already computed location estimate is returned for an UE based position method, the E-SMLC may verify consistency with the current eNodeB identity. If the location estimate so obtained does not satisfy the requested accuracy and sufficient response time still remains, the E-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 E-SMLC can only obtain horizontal co-ordinates, these may be returned.

9.1.17.2
Location Calculation and Release Procedure

4)
When a location estimate best satisfying the requested QoS has been obtained, the E-SMLC returns a Location Response to the MME with an indication whether the obtained location estimate satisfies the requested accuracy or not. This message carries the location estimate that was obtained. If a location estimate was not successfully obtained, a failure cause is included in the Location Response.

5)
The MME may determine the GMLC and emergency services client using the eNodeB identity or the location estimate or according to some fixed association for the MME. The MME shall send a Subscriber Location Report to the GMLC carrying the MSISDN of the UE, the identity of the LCS client, the event causing the message (EPC‑NI‑LR), and, if these were obtained in steps 2 to 4, the location estimate and its age and the indication received from E-SMLC whether the obtained location estimate satisfies the requested accuracy or not. The serving cell identity of the UE may also be sent if available. The MME shall include its own address. If the UE was not authenticated, the IMEI shall be included. The MME may record charging information.

6)
The GMLC shall acknowledge receipt of the location estimate provided that the associated LRF serves the identified LCS client and the client is accessible.

7)
The LRF associated with the GMLC may transfer the location information to the LCS client either immediately or upon request from the client. The LRF/GMLC may store the information received in step 5: e.g. may store the UE identity and the address of the MME. The LRF/GMLC may record charging information.

NOTE:
Determination of the GMLC in step 5 must ensure a match with any LRF/GMLC used by the IMS Core to assist with location retrieval for, and/or routing of, the IMS Emergency call.

**** NEXT PROPOSED CHANGES ****

9.3
LCS signalling procedures specified in UTRAN and GERAN Stage 2

The signalling procedures in UTRAN and GERAN are defined in TS 25.305 [1] and TS 43.059 [16] respectively.

9.3a
LCS signalling procedures applicable to E-UTRAN
9.3a.1
UE Assisted and UE Based Positioning and Assistance Delivery

The following procedure is used by the E-SMLC to support UE based positioning, UE assisted positioning and delivery of assistance data. In some cases, two or all three of these services may be performed for a UE within the same procedure.
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Figure 9.8e: UE Assisted and UE Based Positioning and Assistance Delivery Procedure
1.
The E-SMLC sends a Positioning Request to the MME carrying an LTE Positioning Protocol (LPP) PDU which may request location information from the UE, provide assistance data to the UE or query for the UE capabilities.

2.
The MME forwards the LPP PDU to the serving eNodeB in an S1AP Downlink NAS Transport message. The MME need not retain information for the positioning request.

3.
The eNodeB forwards the LPP PDU to the UE in an RRC DL Information Transfer message.

4.
The UE stores any assistance data provided in the LPP PDU and performs any positioning measurements and location computation requested by the LPP PDU.

5.
The UE returns any location information obtained in step 4 and returns any capabilities requested in step 3 to the eNodeB in an LPP PDU contained in an RRC UL Information Transfer message. The LPP PDU may also carry a request for further assistance data.
6.
The eNodeB forwards the LPP PDU to the MME in an S1AP Uplink NAS Transport message.

7.
The MME forwards the LPP PDU to the E-SMLC in a Positioning Response. Steps 1 to 7 may be repeated to send new assistance data, and to request further location information and further UE capabilities.
Editor's Note: references to RAN positioning related TSs should be added once these are available and the procedure above should be verified for compatibility with these.
9.3a.2
Network Assisted and Network Based Positioning Procedure 

The following procedure is used by the E-SMLC to support network assisted and network based positioning.
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Figure 9.8f: Network Assisted and Network Based Positioning Procedure

1.
The E-SMLC sends a Positioning Request to the MME carrying a Positioning PDU which may request location information for the UE from the E-UTRAN and may query for the E-UTRAN capabilities.
2.
The MME sends an S1AP Location Reporting Control to the serving eNodeB for the UE carrying the Positioning PDU. 

3.
The eNodeB obtains any location information for the UE requested in step 2.
4.
The eNodeB returns an S1AP Location Report to the MME carrying a Positioning PDU containing the location information obtained in step 3 and any E-UTRAN capabilities requested in step 3.
5.
The MME returns the Positioning PDU received in step 4 to the E-SMLC. Steps 1 to 5 may be repeated to request further location information and further E-UTRAN capabilities.
Editor's Note: references to RAN positioning related TSs should be added once these are available and the procedure above should be verified for compatibility with these.
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