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Introduction

The following extensions and corrections and proposed here for alternative #3 in association with an NI-LR, MT-LR or MO-LR location request and with and without an emergency call.

1) Minor corrections

2) Addition of support for intra E-UTRAN handover without change of MME

3) More robust handover procedures allowing for change of E-SMLC and/or GMLC

4) Evaluation of Positioning Continuity

5) Evaluation of support for consecutive handover occurrences
6) Support for ISR

7) Support for ECM-IDLE state

**** PROPOSED ADDITIONS TO THE TR ****
6.3
Architectural Alternative #3

The architectural alternative defined here employs an Evolved SMLC directly attached to the eNode B.

6.3.1
Objectives

The main objectives of this solution are as follows:

-
support location of an IMS emergency call

-
provide a location solution with high compatibility to that for WCDMA in TS 25.305
-
support MO-LR and MT-LR services
6.3.2
Architectural Details

6.3.2.1
Architecture for NI-LR

An architecture to support an NI-LR for emergency calls is shown in Figure 6.3-1. The main distinguishing characteristic is an Evolved SMLC (E-SMLC) connected to the eNode B that is analogous to the BSS based SMLC defined for GSM in TS 03.71 and TS 43.059 and to the SAS defined for WCDMA in TS 25.305. This alternative may not avoid the need to stop and restart a location session for an inter-eNode B handover or inter-MME relocation. Some arbitrary designations are again used for the new interfaces which here comprise an LTE-Iupc interface between the eNode B and E-SMLC and an SLg interface between the MME and GMLC. The SLg interface might be similar to the existing Lg interface defined in TS 23.271 between a GMLC and either an SGSN or MSC. The LTE-Iupc interface may be similar to the Iupc interface defined in TS 25.453 used between an RNC and SAS for WCDMA. In addition to the new interfaces, the existing S1-MME and LTE-Uu interfaces would be modified through the addition of some new messages and parameters and new or modified positioning protocol.

This alternative needs no optimization to improve E-SMLC access to the eNode B but suffers, as already remarked, from location disruption following inter-e Node B handover. That might seem enough to dismiss it without further evaluation except that it offers the possibility to more easily use native enhanced RRC based positioning than do other alternatives which suggests at least completing an a first level evaluation.
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Figure 6.3-1 – LCS Control Plane Architecture C employing an Evolved SMLC (E-SMLC) attached to an eNB

6.3.2.2
Architecture for MT-LR and MO-LR

An extension to the architecture to support an MT-LR and MO-LR is shown below.
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Figure 6.3-2 – LCS Control Plane Architecture for an MT-LR and MO-LR

The Lh (MAP) interface above would need to be modified to enable the HSS to provide the MME address and VPLMN identity to the HGMLC. Possibly, the Lh interface might be migrated to an IP based interface.

The Lg interface might also be slightly modified to enable the HGMLC to convey the MME address to the VGMLC. As in the case of the Lh interface, the Lg interface might be migrated to an IP based interface.

6.3.2.3
 Provision of MME Address to GMLC for an NI-LR

The description of this issue in section 6.1.2.3 for alternative #1 applies equally to alternative #3.

6.3.3
Information Flows and Protocols

The information flows shown here are specific extensions of the common flows described in section 6.1.

6.3.3.1
Location Support for IMS Emergency Calls

The procedure here is identical to that described on section 6.1.3.1 for alternative #1.

6.3.3.2
Location Procedure between the GMLC, MME, eNode B and E-SMLC

The location procedure described here supports both an NI-LR for emergency calls and an MT-LR for an external LCS client.
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Figure 6.3-3 – Location Procedure between the GMLC, MME, eNode B and E-SMLC

1. The GMLC sends a location request to the serving MME indicating the required QoS and UE identity. For a commercial MT-LR, UE privacy preferences are also included (as currently supported for GSM and UMTS).

2. If the UE is in ECM-IDLE state, the MME performs a network triggered service request as defined in TS 23.401 in order to establish a signalling connection with the UE and assign a specific eNode B. Normal inactivity timers in the MME and eNode B to release the signalling connection with the UE may need to be extended to allow time for the positioning to occur in step 6. Details of this are FFS.
3. For a commercial MT-LR, the E-SMLC may notify the UE concerning the location request and verify its privacy preference as described further down.

4. The MME forwards the location request to the serving eNode B in an S1AP Location reporting Control.

5. The eNode B forwards the location request to an E-SMLC in a Position Initiation Request. Both the MME and eNode B should retain state information for the location request.

6. The E-SMLC performs a positioning procedure appropriate to the particular QoS and architecture. 

7. The E-SMLC returns the resulting location information (e.g. location estimate) to the eNode B in a Position initiation Response.

8. The eNode B returns the location information to the MME in an S1AP Location Report.

9. The MME returns the location information to the GMLC.

To support Figure 6.3-3, protocol layering between the GMLC and MME could be same as for an MME based architecture in section 6.2.3. Protocol layering between the MME and eNode B would be as already defined in TS 23.401 and as shown in Figure 6.3-4. Protocol layering between the eNode B and E-SMLC could be as shown in either Figure 6.3-5 or Figure 6.3-6. Figure 6.3-5 is based on the IP variant of signalling defined between an RNC and SAS in TS 24.452 whereas Figure 6.3-6 uses layers already supported by the eNode B in TS 23.401. ePCAP can be either a new protocol analogous to PCAP in TS 25.453 or an extension of PCAP.
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Figure 6.3-4 – Protocol Layering between the MME and eNode B in Figure 6.3-3
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Figure 6.3-5 – Possible Protocol Layering between the eNode B and E-SMLC in Figure 6.3-3 – IP/SS7 Variant
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Figure 6.3-6 – Possible Protocol Layering between the eNode B and E-SMLC in Figure 6.3-3 – IP Variant

6.3.3.3
Network Based Positioning Procedure
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Figure 6.3-7 – Network Based Positioning Procedure

1. The E-SMLC sends a Position Activation request to the serving eNode B carrying parameters indicating the types of measurements requested.

2. The eNode B returns the CGI and specific measurements requested in step 1.

Possible protocol layering in Figure 6.3-7 would be as in Figure 6.3-5 or Figure 6.3-6.

6.3.3.4
UE Assisted and UE Based Positioning Procedure – Variant 1

Variant 1 is based on the control plane solution for WCDMA as defined in TS 25.305.
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Figure 6.3-8 – UE Assisted and UE Based Positioning Procedure – Variant 1

1. The E-SMLC sends a Position Activation request to the eNode B carrying the requested position method or methods, possible assistance data and the requested measurements. All the data is visible to the eNode B and may have to be interpreted, reformatted and modified.

2. The eNode B sends an RRC Measurement Control to the UE containing the UE position method and any assistance data and requested measurements received in step 1.

3. The UE performs the requested positioning – e.g. using A-GPS or A-GNSS – and may, if requested, compute a location estimate.

4. The UE returns the requested measurements or the location estimate to the eNode B in an RRC Measurement Report.

5. The eNode B forwards the measurements or location estimate to the E-SMLC.

Possible protocol layering for variant 1 is shown in Figure 6.3-9 for the IP based variant of eNode B to E-SMLC signaling.
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Figure 6.3-9 – Possible Protocol Layering in Figure 6.3-8

6.3.3.5
UE Assisted and UE Based Positioning Procedure – Variant 2

Variant 2 is based on the control plane solution for GSM as defined in TS 43.059.
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Figure 6.3-10 – UE Assisted and UE Based Positioning Procedure – Variant 2

1. The E-SMLC sends a Position Activation request to the eNode B carrying an LPP PDU which carries the requested position method or methods, possible assistance data and the requested measurements. The LPP PDU is transparent to the eNode B and need not be interpreted, reformatted or modified.

2. The eNode B forwards the LPP PDU to the UE in an existing RRC DL Information Transfer message.

3. The UE performs the requested positioning – e.g. using A-GPS or A-GNSS – and may, if requested, compute a location estimate.

4. The UE returns the requested measurements or the location estimate to the eNode B in an LPP PDU contained in an existing RRC UL Information Transfer message.

5. The eNode B forwards the LPP PDU to the E-SMLC.

Possible protocol layering for variant 2 is shown in Figure 6.3-11 for the IP based variant of eNode B to E-SMLC signaling.
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Figure 6.3-11 – Possible Protocol Layering in Figure 6.3-10

6.3.3.6
Location Continuity for Handover in the PS Domain






6.3.3.6.1
Support of Intra E-UTRAN E-Node B Handover using X2 Interface

The effect of handover using the X2 interface between eNode Bs with no change in MME in relation to alternative #3 is shown in the following figure. The figure follows the handover procedures defined in TS 36.300 and 23.401 although not all steps are shown.
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Figure 6.3-12 - Intra E-UTRAN E-Node B Handover using X2 Interface

1. The old eNode B initiates the handover procedure by sending current UE context and bearer information to the chosen new eNode B.

2. The new eNode B acknowledges that handover can continue and provides target information for the UE. From this point until step 8, the old eNode B may suspend any network based positioning procedure – e.g. for obtaining E-CID measurements.

3. The old eNode B instigates handover by the UE and includes target information received in step 2.

4. The UE accesses the target cell and then sends a Handover confirmation to the new eNode B. Between steps 3 and 4, the UE may suspend any response to the E-SMLC for any ongoing UE positioning procedure.

5. The new eNode B requests the MME to switchover the bearer paths.

6. The MME instigates either bearer update in the serving gateway or change of serving gateway.

7. The MME acknowledges bearer update to the new eNode B.

8. The new eNode B informs the old eNode B to release resources previously assigned fore the UE. At this point the handover is complete and the old eNode B can cancel any network positioning procedure.

9. Once handover is complete, the old eNode B aborts the location session with the E-SMLC. The MME could then instigate a new location session via the new eNode B. If the same E-SMLC is used again and if the E-SMLC retains location information associated with the old location session, it may be able to associate the request from the new eNode B with the session with old eNode B (e.g. using the UE identity) and thereby access the previous information.
The above procedure interrupts any ongoing positioning session and thus does not support positioning continuity even though a location session can be restarted later.
6.3.3.6.2
Support of Intra E-UTRAN E-Node B Handover using S1 Interface

The effect of handover between eNode Bs with no change in MME using the S1 interface in relation to alternative #3 is shown in the following figure. The figure follows the handover procedure defined in TS 23.401 although not all steps are shown. 
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Figure 6.3-13 - Intra E-UTRAN E-Node B Handover using S1 Interface
1. The old eNode B initiates the handover procedure by sending current UE context information to the MME From this point until step 8, the old eNode B may suspend any network based positioning procedure – e.g. for obtaining E-CID measurements..

2. The MME determines that it can continue to serve the UE and instigates handover with the new eNode B. Bearer and serving Gateway updates also start to occur at this point but are not shown here.

3. The new eNode B acknowledges that handover can continue and provides target information for the UE.

4. The MME forwards the target information to the old eNode B. 

5. The old eNode B instigates handover by the UE and includes target information received in step 2.

6. The UE accesses the target cell and then sends a Handover confirmation to the new eNode B. Between steps 5 and 6, the UE may suspend any response to the E-SMLC for any ongoing UE positioning procedure.

7. The new eNode B notifies the MME that the UE has handed over.

8. The MME informs the old eNode B to release resources previously assigned fore the UE. At this point the handover is complete and the old eNode B can cancel any network positioning procedure.
9. Once handover is complete, the old eNode B aborts the location session with the E-SMLC. The MME could then instigate a new location session via the new eNode B. If the same E-SMLC is used again and if the E-SMLC retains location information associated with the old location session, it may be able to associate the request from the new eNode B with the session with old eNode B (e.g. using the UE identity) and thereby access the previous information.

The above procedure interrupts any ongoing positioning session and thus does not support positioning continuity even though a location session can be restarted later.
6.3.3.6.3
 Support of Intra E-UTRAN MME Relocation

As for alternatives #1 and #2, a key requirement for emergency calls is to enable continuity of location support. For MME relocation, there are several ways this can be supported. The figure below employs a method whereby the new MME provides its address to the GMLC once handover is complete. This is consistent with the method described in TS 23.271 for GPRS handover in the context of a PS-NI-LR and in addition it avoids any race condition when a further inter-MME handover occurs.

[image: image18.wmf] 

E

-

SMLC

 

4. Abort

 

 

UE

 

Old eNB

 

Old MME

 

LRF/

 

GMLC

 

3. Rest of eNode B Handover and MME Relocation Procedure as

 in 23.401

 

1. S1AP Handover Required

 

New eNB

 

New MME

 

2. GTP

-

C Forward Relocation Request (MME UE Context, 

old 

GMLC Address)

 

5

. Location Report (UE Identity, MME IP address)

 

6. Location Report Response

 (new GMLC address)

 

 


Figure 6.3-14 – GMLC Updating for Intra E-UTRAN MME 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 MME 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 old GMLC address if location for an emergency call is ongoing.

3. The rest of the eNode B handover and MME relocation procedure is performed as defined in TS 23.401.

4. After the relocation is complete, the old eNode B aborts any location session with the E-SMLC and may indicate that a relocation is ongoing and provide the new eNode B address. The E-SMLC may retain information about the location if it expects to support location for the new eNode B. At some later point when the GMLC requests a location estimate from the new MME according to section 6.3.3.2, the E-SMLC (if it remains the same) can associate the new request with the old request (e.g. using the UE identity) and thereby access the previous information.
5. If location for an emergency call is ongoing, the new MME sends a Location Report to the old GMLC indicated in step 2 carrying the UE identity and the new MME IP address.

6. The LRF and old GMLC may optionally interact to agree a new GMLC to support the new MME. The old GMLC (or possibly the new GMLC) then returns an acknowledgment and includes the address of any new GMLC that was agreed. If not included, the old GMLC becomes the new GMLC.
The evaluation of location continuity when multiple MME relocations occur is as described for alternative #1 in section 6.1.3.5.3. The only case for which location continuity is then not supported is where an MME to MME relocation starts after step 4 and before step 5 for a previous MME to MME relocation and where GMLC/LRF interaction is not sufficiently robust.
6.3.3.6.4
UTRAN to E-UTRAN relocation (Emergency Call Location Only)

The procedure for alternative #1 in section 6.1.3.5.4 applies without change.

6.3.3.6.5
E-UTRAN to UTRAN Relocation (Emergency Call Location Only)

This procedure is compatible with the procedure referred to in TS 23.271 to support handover between SGSNs.
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Figure 6.3-15 – 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 if location for an emergency call is ongoing.

3. The rest of the inter-RAT relocation procedure is performed as defined in TS 23.401.

4. After the relocation is complete, the old eNode B aborts any location session in the E-SMLC.

5. If location for an emergency call is ongoing, the new SGSN sends a Location Report to the GMLC indicated in step 2 carrying the UE identity and the SGSN address.

6. The GMLC returns an acknowledgment.
6.3.3.7
Location Continuity for Emergency Call Handover between PS and CS Domains

The description for alternative #1 in section 6.1.3.6 applies here. 

6.3.3.8
MT-LR Procedure

The procedure is as described in section 6.1.3.7 for alternative #1.

6.3.3.9 Support of an MO-LR

6.3.3.9.1
NAS Protocol Support

NAS protocol support is as described for alternative #2 in section 6.2.3.7.1

6.3.3.9.2
MO-LR Procedure
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Figure 6.3-16 – MO-LR Procedure

1. If the UE is in ECM-IDLE state, the UE performs a UE triggered service request as defined in TS 23.401 in order to establish a signalling connection with the MME and assign a specific eNode B.

2. The UE sends a NAS PDU containing an MO-LR Request inside an RRC UL Information Transfer message to the eNode B.

3. The eNode B forwards the MO-LR Request to the MME inside an S1AP Uplink NAS Transport message.

4. The MME verifies UE subscription to an MO-LR. The MME then sends a location request to the serving eNode B in an S1AP Location reporting Control.

5. The eNode B forwards the location request to an E-SMLC in a Position Initiation Request.

6. The E-SMLC performs a positioning procedure appropriate to the QoS according to Figure 13 and/or 14.

7. The E-SMLC returns the resulting location information (e.g. location estimate) to the eNode B in a Position initiation Response.

8. The eNode B returns the location information to the MME in an S1AP Location Report.

9. The MME sends the result of the positioning (e.g. a location estimate) to the eNode B in a NAS protocol PDU. For a MO-LR transfer to third party, the MME would also forward the location information obtained in step 7 to a VGMLC (not shown) and thence to an LCS Client via the HGMLC for the UE and an R-GMLC.

10. The eNode B forwards the location result to the UE.

6.3.4
Evaluation

The following table provides an evaluation of architectural alternative #3 with respect to support of emergency calls.

	Criteria
	# 1



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

	Support for a non-emergency 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
	1

	Number of new eNB interfaces
	1

	Number of new GMLC interfaces
	1

	Number of interfaces to the E-SMLC
	1

	Positioning Continuity possible for intra-MME relocation (Note 1)
	No

	Positioning Continuity possible for inter-MME relocation (Note 1)
	No

	Location continuity for emergency calls following eNB handover (Note 2)
	Yes

	Location continuity for emergency calls following MME Relocation (Note 2)
	Yes

	Location continuity for emergency calls following inter-RAT handover in the PS domain (Note 2)
	Yes

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

	Can support consecutive handovers between MMEs
	Yes

	Can support ISR
	Yes


Table 6.3-1 – Evaluation of Architectural Alternative 3 

Note 1:
Positioning continuity here refers to the ability to continue a UE assisted or UE based positioning session between the E-SMLC and UE following handover. This criterion is specific to the positioning method and will depend on the importance of positioning continuity to the particular positioning method.

Note 2:
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

Possible E-UTRAN associated impacts to support this architecture are listed below (e.g. may require support in TSG RAN):

· Define an LPP positioning protocol between the UE and E-SMLC for UE assisted and UE based positioning

· New impacts to S1-AP

· Define an ePCAP location protocol between the eNode B and E-SMLC to help support UE assisted, UE based and network based positioning
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