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Summary
One of the most important requirements related to emergency location services is to allow the PSAP to request the updated location during the emergency call, even after the emergency call has performed handover.

This paper proposes an enhanced architecture based on the Architecture Alternative 2 in the TR to address the requirement for supporting location service continuity associated with an emergency call, which may be involved in handovers to/from MME, MSC Server or MSC.

The enhanced architecture allows the Location Service Continuity associated with emergency calls that may be involved in handovers among MME, MSC Server and/or MSC. The proposed location service procedure after handover is compatible with the procedure referred to in TS 23.271 to support handover between MSCs/MSC Servers.
One of main advantages of the enhanced architecture is to ensure the seamless interworking between LCS Control Plane and the existing LCS architecture for emergency, with a common interface to the serving network node regardless the radio access types involved in the handover.
1. Architecture Extensions to Architecture Alternative 2
This section provides a summary of each of the three architectural solutions.
1.1 Background of the existing LCS continuity during handover

In TS 23.271, the LCS continuity handover is specified in the following sections.
==========================Quoted from TS23.271========================

9.4.5.1
VMSC /MSC server procedure for Inter-VMSC /MSC server Handover

When a location estimate is required for a target UE with an established call in a state of inter-VMSC /MSC server handover, the serving location area ID shall be used by the visited MSC /MSC server to identify the correct RAN to serve the location request. All location request related messages shall be sent via MAP/E interface piggy-backed in MAP_FORWARD_ACCESS_SIGNALLING and MAP PROCESS_ACCESS_SIGNALLING between the visited and serving MSCs /MSC servers.
9.4.5.2
Handling of an ongoing handover while a request for positioning arrives

If during an ongoing handover procedure a request for location information arrives, the request shall be suspended until the handover is completed. On completion of the handover, the location preparation procedure shall continue.

9.4.5.3
Handover handling in Iu mode

In case of hard handovers in Iu mode, e.g. inter RNC hard handover, or Serving RNC relocation, and inter- MSC, MSC Server or SGSN handovers, the ongoing positioning process is aborted on Iu level. In soft handovers where the Serving RNS and Iu are relocated, any ongoing positioning process is also aborted on Iu level. The MSC, MSC Server or SGSN shall restart the Iu aborted location requests with the new Serving RNC. The new SGSN, however, shall not restart the location request after inter SGSN Routing Area Update or inter SGSN relocation. During intra and inter RNC soft and softer handovers the existing RRC connection can normally be used without any need to abort the on-going positioning process on Iu level.

=========================End of Quoted Text=============================
1.2 Enhancement to Architecture Alternative 2 for LCS continuity 

The enhanced Architecture  Alternative is shown in Figure 1. A new interface, SL3, is added for MME to communicated with MSC, MSC Server or SGSN.

The main function achieved by this extended architecture is to allow handover from a MME of EPS to a MSC Server of UMTS or a MSC. As specified in 23.271, when SL3 interface is used, during a handover, all the location service related SLg messages associated with the active call/session (especially for emergency call) will be tunnelled to the serving MSC/MSC Server via the SL3 interface, or vice versa.

[image: image1] Figure  – LCS Control Plane Architecture B employing a Location Server (LS) attached to an MME 

1.2.1 MME to MSC/MSC Server handover
Since the scope of Emergency VCC has been limited to only PS to CS handover, in this paper, LCS continuity associated with the handover to the legacy CS network only covers MME to MSC/MSC server handover, although the same mechanism works for LCS continuity for the MSC/MSC Server to MME handover as well. 
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Figure 17 – GMLC Updating for E-UTRAN to UTRAN Relocation

1. A handover from MME to a MSC or MSC Server occurs. The detailed procedure of emergency handover from E-UTRAN to the legacy GSM is part of Rel-9 new work item for Emergency VCC.

2. After the handover is complete, the GMLC/LRF may not be aware of the relocation of the UE. If GMLC/LRF receives a Middle Call Location Update (MLCU) request from the PSAP, the LRF/GMLC initiates a Provide Subscriber Location request to the Old MME, which forwards the message to the New SGSN via the SL3 interface.

3. The New SGSN performs the positioning procedure in the UTRAN or RNA. When the updated location is obtained, the New SGSN sends a Provide Subscriber Location response with the update location information to the Old MME, which forwards the response message to the GMLC/LRF.

1.2.2 E-UTRAN to UTRAN  Relocation

It should be noted that, per TS 23.401, after E-UTRAN to UTRAN Iu mode handover, the HSS is updated by the Tracking/Routing Area Update Procedure. The information flow illustrated in this section is optional, it may be used when the LRF/GMLC is not aware of the handover and not yet queries HSS.
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Figure 17 – GMLC Updating for E-UTRAN to UTRAN Relocation

1. The old eNode B begins handover by sending an S1AP Handover Required message to the old MME as defined in TS 23.401.

2. The old MME sends a GTP-C Forward Relocation Request to the new SGSN as defined in TS 23.401 and includes context information the MME currently has for the UE. Different to the current procedure in TS 23.401, the old MME includes the GMLC address.

3. The rest of the inter-RAT relocation procedure is performed as defined in TS 23.401. The old MME would terminate any location procedure associated with architecture alternative B or C that the GMLC had previously invoked for the UE, possibly when the handover procedure started.

4. After the relocation is complete, the GMLC/LRF may not be aware of the relocation of the UE. If GMLC/LRF receives a Middle Call Location Update (MLCU) request from the PSAP, the LRF/GMLC initiates a Provide Subscriber Location request to the Old MME, which forwards the message to the New SGSN via the SL3 interface.

5. The New SGSN performs the positioning procedure in the UTRAN. When the updated location is obtained, the New SGSN sends a Provide Subscriber Location response with the update location information to the Old MME, which forwards the response message to the GMLC/LRF.

1.2.3 UTRAN to E-UTRAN relocation

It should be noted that, per TS 23.401, after UTRAN Iu mode to E-UTRAN handover, the HSS is updated by the Tracking/Routing Area Update Procedure. The information flow illustrated in this section is optional; it may be used when the LRF/GMLC is not aware of the handover and not yet queries HSS.
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Figure 16 – GMLC Updating for UTRAN to E-UTRAN Relocation

1. The old RNC begins relocation by sending a RANAP Relocation Required message to the old SGSN as defined in TS 23.401.

2. The old SGSN sends a GTP-C Forward Relocation Request to the new MME as defined in TS 23.401 and includes context information the SGSN currently has for the UE. Different to the current procedure, the old SGSN includes the GMLC address.

3. The rest of the inter-RAT relocation procedure is performed as defined in TS 23.401. Any location session for the UE previously established by the GMLC on the old SGSN would be terminated by the SGSN.

4. After the relocation is complete, the GMLC/LRF may not be aware of the relocation of the UE. If GMLC/LRF receives a Middle Call Location Update (MLCU) request from the PSAP, the LRF/GMLC initiates a Provide Subscriber Location request to the Old SGSN, which forwards the message to the New MME via the SL3 interface.

5. The New MME performs the positioning procedure in the E-UTRAN. When the updated location is obtained, the New MME sends a Provide Subscriber Location response with the update location information to the Old SGSN, which forwards the response message to the GMLC/LRF.

2. Evaluation
Table 1 summarizes the various advantages and disadvantages of the enhanced Architecture Alternative 2 described in this paper. Apparent advantages are highlighted. 

	Criteria
	Arch 2

	Support for an NI-LR and MT-LR for emergency calls
	Yes

	Support for a normal MT-LR
	Yes

	Support for an MO-LR
	Yes

	Support for Network Based Positioning
	Yes

	Support for UE Based and UE Assisted Positioning
	Yes

	Number of new MME interfaces
	3

(Note 2)

	Number of new eNB interfaces
	0

	Number of new GMLC interfaces
	1
(Note 2)

	Number of interfaces to the E-SMLC
	1

	Location continuity for emergency calls following eNB handover (Note 1)
	Yes

	Location continuity for emergency calls following MME Relocation (Note 1)
	Yes

	Location continuity for emergency calls following inter-RAT handover in the PS domain (Note 1)
	Yes

	Possibility to combine E-SMLC with one of MME, eNB or GMLC 
	Yes

(Note 3)


Table 1 – Evaluation of Architectural Alternative 2

Note 1:
Location continuity for emergency calls refers to preserving the ability to deliver an initial position estimate and subsequent updated position estimate to the PSAP following handover in a manner transparent to the PSAP.

Note 2:
It is expected that the SLg MME-GMLC interface may reuse the existing Lg interface with different transport, the SL3 MME to SGSN/MSC/MSC Server interface may reuse the definition of MAP/E MAP_FORWARD_ACCESS_SIGNALLING and MAP PROCESS_ACCESS_SIGNALLING with different transport.

Note 3:
Integration of E-SMLC and GMLC is always possible, it should be considered as implementation options, regardless the LCS system architecture options.
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