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Introduction
This P-CR contains the following proposed corrections and enhancements:

-
General improvements to alternative #5


- - making call flows more consistent and comparable to the other alternatives

-
Introducing the possibility of the MME triggering the location procedure towards eNB once the emergency call is detected making the procedure more consistent with current CS domain

-
Clarification to the privacy notification/verification procedure

-
Introducing Position Activation Request/Response to the interaction between GMLC and E-SMLC clarifying the implied semantics


- - Position Request/ Response: opens and closes a positioning session for a particular UE between the GMLC and E-SMLC


- -Position Activation Request / Response: opens or continues and closes or continues a positioning session in the UE or eNB

-
Highlighting the differences where references are made to the other alternatives especially for Location Continuity

Start of first change
*********************Start of Change TR23.891v0.3.0*******************
6.5
Architectural Alternative #5

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

6.5.1
Objectives

The main objectives of this solution are as follows:

-
support location of an IMS emergency call

-
avoid impacts to a location session due to an inter-eNodeB handover and MME relocation

-
support MO-LR and MT-LR services
-
concentrate and contain LCS related functionality to one logical element

6.5.2
Architectural Details

6.5.2.1
Architecture for NI-LR
This alternative is shown in Figure 6.5-1. The difference with architecture alternative 1 is the E-SMLC is interfacing with GMLC, thus the SLg* interface between MME and GMLC is eliminated from this alternative.  The SLs interface disappears if the E-SMLC and GMLC are logically/physically combined.
This alternative may avoid the need to stop and restart a location session for both an inter-eNode B handover and inter-MME relocation. The SLh interface between HSS and GMLC might be similar to or even the same as the S6a interface. In addition to the new interfaces, the existing S1-MME interface would be modified through the addition of some new messages and parameters and the LTE-Uu interface might be modified at an application layer through use of a new or modified positioning protocol.
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Figure 6.5-1 – LCS Control Plane Architecture employing an Evolved SMLC (E-SMLC) attached to a GMLC

6.5.2.2
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 6.5-2 – 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 S6a interface.

The Lr 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 SLg interface might be migrated to an IP based interface.

6.5.2.3
 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 #5.

6.5.3
Information Flows and Protocols


6.5.3.1
Location Support for IMS Emergency Calls

The procedure here is in general identical to that described in section 6.1.3.1 for alternative #1. The main difference between alternative #1 or #2 and #5 is that in #5 it is proposed that once the MME detects the emergency call it triggers a location request towards the eNB to obtain the Cell-ID and possible measurements (TBD by RAN WGs). These parameters are sent by the MME to the GMLC along with Location Report in step 2 of alternative #1 in 6.1.3.1.
Note that this is normal procedure on CS side and could be considered for the other alternatives under study and not only alternative #5.
The purpose of obtaining the mentioned information early in call setup phase is to provide information to

a) Assist in routing the emergency call to the correct PSAP.
b) Serve as one piece of assistance data if the call flow proceeds to UE-Based and UE-Assisted methods e.g. A-GPS or OTDOA.
c) Serve as the location estimate in its own right if the QoS is already satisfied.
6.5.3.2
Location Procedure between the GMLC, MME and E-SMLC

The location procedure between GMLC and E-SMLC depends on the procedures as outlined below for MT-LR, NI-LR and MO-LR and in particular for Network Based Positioning and UE Based or Assisted positioning. Aspects related to the privacy and verification procedures in conjunction to commercial MT-LR are the same as for alternative #1 and #2. I.e the privacy profile settings are stored in the Privacy Profile Register(PPR) associated with the GMLC and need to be signalled over the SLg interface requesting the MME to perform the privacy and/or verification action depending on the subscriber profile in the PPR. This is shown in the section 6.5.3.3.

Regardless of the architecture the MME needs to be equipped with a privacy handling function as the protocol on SLg interface is terminated at the MME and the signalling with the UE happens over a NAS based protocol. An alternative to this is to rely on NAS relay at the MME as suggested in figure 6.2-10 of alternative #2 with the main difference being that LPP is being terminated at the GMLC instead of E-SMLC.
In addition to the possible protocol layerings shown for the other alternatives a possible alternative for SLs is shown below. The reference point between GMLC and E-SMLC is close to the Llp reference point in OMA SUPL architecture. Hence OMA ILP protocol may be suitable to be used on this reference point.
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Figure 6.5-3 – Possible Protocol Layering on the SLs interface

6.5.3.3
MT-LR Network Based Positioning Procedure
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 Figure 6.5-4 – Network Based Positioning Procedure

1. Upon reception of a location request from an external LCS Client or H-GMLC the V-GMLC obtains routing information from the HSS. The flow between external LCS Client, R-GMLC, H-GMLC and V-GMLC as well as the handling during active ISR feature are the same as alternative 1 section 6.1.3.7. The GMLC instigates the positioning procedure by sending a Positioning Request to the E-SMLC carrying the UE Identity and requested QoS.

2. The E-SMLC sends a Position Activation Request to the GMLC indicating to proceed with a Network Based Positioning Procedure. The E-SMLC may also indicate to proceed with a UE Assisted/Based Positioning Procedure by including an LPP PDU to the message. This enables hybrid use of Network Based Positioning and UE Assisted/Based Positioning.
3. The GMLC sends Provide Subscriber Location request to the MME containing the UE identity and parameters for E-UTRAN defining the type of measurement information required.

4. 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 UE may need to be extended to allow time for the positioning to occur in steps 4 and 5. The details of this are FFS.
5. If the Provide Subscriber Location request in step 2 contain any privacy action parameters the MME initiates the Notification and Privacy Verification procedure accordingly.

6. The MME sends a Direct Location Report Control on the S1AP containing the UE identity and parameters for E-UTRAN defining the type of measurement information required.

7. The eNB collects the requested measurement information and return the result to the MME in a Location Report containing the CGI and eNB measurements.

8. The MME responds to the GMLC with a Provide Subscriber Location Ack containing the CGI and eNB measurements.

9. The GMLC responds with a Position Activation Response to  the eSMLC over SLs interface. The E-SMLC calculates a location estimate based on the received information

10. The eSMLC responds to the GMLC with a Location Estimate. 

The protocol layering principles for the SLg interface between the GMLC and MME can be similar to those described in section 6.2.3.2 for alternative #2. 
6.5.3.4
NI-LR Network Based Positioning Procedure
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Figure 6.5-5– Network Based Positioning Procedure

The NI-LR Procedure is essentially the same as for MT-LR with the difference that the MME triggers the S1AP Location Report Control procedure towards eNB upon detection of the emergency call and the CGI and eNB measurements (TBD by RAN WGs) are sent to GMLC using Subscriber Location Report procedure. Note that the other alternatives don’t assume triggering of the positioning procedure by the MME once the emergency call is detected. However, the behaviour described in alternative 5 is consistent with existing CS procedures [TS 23.271] and is applicable to all alternatives including alternative #5.
1.
Following an emergency call invocation from the user, the UE will attach to the EPS if not already attached and obtain a suitable IP Bearer for the user plane in a serving gateway and PDN gateway. The details of this are still be agreed, but it is assumed that some emergency indication (e.g. an emergency APN) will be used for the attach or for the bearer allocation that will inform the MME that an Emergency Call is in progress. In the case that the UE does not detect the emergency call (e.g. does not recognize the dialled emergency number), the P-CSCF could reject the initial request and force the UE to first perform an emergency registration which would ensure that a new emergency bearer allocation would occur via the MME. 
2.
Once step 1 is complete, i.e. the MME has detected the emergency call invocation, the MME sends a Location Report Control to the eNB to obtain location measurements. 

3.
The eNB collects the relevant location measurements e.g. CellID, Timing Advance and Measurement Report. Note that these measurements are used for emergency call routing purposes and should be obtain without necessarily delay the call setup. Once the relevant location measurements have been collected the eNB responds with a Location Report to the MME.

4.
The MME sends a Subscriber Location Report to a GMLC in the visited network that is designated to support location of emergency calls. The location report carries the UE identity (e.g. IMSI, IMEI), the MME IP address, the location measurements and indication of a emergency call origination.

5.
The GMLC acknowledges the location report to the MME.

6.
Once the GMLC receives the Subscriber Location Report from the MME the GMLC sends a position request containing the location measurements received in step 6 to the eSMLC.

7.
The eSMLC calculates a location estimate based on the received location measurements that can be used for emergency call routing purposes and returns the location estimate to the GMLC.

6.5.3.5
UE Assisted and UE Based Positioning Procedure for emergency session positioning
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Figure 6.5-6 – UE Assisted and UE Based Positioning Procedure for emergency session positioning

NOTE1;
This procedure may follow the procedure in 6.5.3.4 NI-LR Network Based Positioning Procedure and steps 6 and 7 may coincide with steps 1. and 2. in this procedure. I.e. the GMLC/E-SMLC may continue with a UE-Assisted and UE Based Positioning Procedure if the QoS of the Location Estimate is not satisfied based on the CGI and measurements pushed to the GMLC in step 4. of the NI-LR Network Based Positioning Procedure,
NOTE2: This procedure can be applied for emergency session positioning when LRF/GMLC has knowledge on the current UE’s coarse location (e.g., location info such as GCI in IMS SIP INVITE) and the positioning procedure is not (e.g. by system configuration) triggered by the MME per 6.5.3.4.
NOTE3: Notification and Privacy Verification procedure is not applicable for emergency session positioning. 

1. The GMLC triggers the eSMLC with a positioning request over SLs interface to the eSMLC carrying UE identity and requested QoS.

2. The E-SMLC sends a Positioning Actication Request to the GMLC carrying an LTE Positioning Protocol (LPP) PDU which may request specific measurements by the UE provide assistance data or query for the UE capabilities.

3. The GMLC sends a Provide Subscriber Location to the serving MME carrying the UE Identity and LPP PDU. 

4. The MME forwards the LPP PDU to the serving eNode B in an existing S1AP Downlink NAS Transport message thereby making the contents of the LPP PDU transparent to both the MME and eNode B. The MME needs not retain state information for the positioning request – e.g. can treat the response in step 6 as a separate transaction – although it must retain state information associated with the location request from the GMLC.
5. The eNode B forwards the LPP PDU to the UE in an existing RRC DL Information Transfer message.

6. The UE performs any positioning measurements requested by the LPP PDU.

7. The UE returns measurement information and/or information concerning its capabilities or requested assistance data in an LPP PDU to the eNode B contained in an existing RRC UL Information Transfer message.
8. The eNode B forwards the LPP PDU to the MME in an existing S1AP Uplink NAS Transport message.

9. The MME forwards the LPP PDU to the GMLC in a Provide Subscriber Location Ack. Steps 1 to 8 may be repeated to send new assistance data and request further measurements.

10. The GMLC forwards the LPP PDU to the eSMLC in a Positioning Activation Response to the eSMLC over the SLs interface.

11. The eSMLC calculates the location estimate and responds to the GMLC. Steps 2 to 10 may be repeated to send new assistance data and request further measurements.
Same protocol layering can be considered as for Alternative 2 for the interface between GMLC and MME. For the interface between GMLC and E-SMLC, i.e. SLs interface refer to section 6.5.3.2.

6.5.3.6
Location Continuity for Emergency Call Handover in the PS Domain

The procedures applicable here are nearly the same as those described for alternative #1 in section 6.1.3.5. The differences are as follows.

- the old MME must terminate any location procedure that the GMLC had previously invoked for the UE, possibly when the handover procedure starts.

The procedures described here also imply that this architecture alternative can provide positioning continuity with respect to UE based and UE assisted methods for intra-MME eNode B relocation as well as inter-MME relocation within the same PLMN EPS due to the E-SMLC not being attached to a particular MME.

6.5.3.6.1
Support of Intra E-UTRAN E-Node B Handover using X2 interface

The same applies as for alternative #1.
6.5.3.6.2
Support of Intra E-UTRAN E-Node B Handover using S1 interface
The same applies as for alternative #1 with the difference being that the status update in step 9. is sent to the GMLC instead of E-SMLC.
6.5.3.6.3
Support of Intra E-UTRAN MME Relocation
Same applies as for alternative #1. However, there is no need for the GMLC to inform the E-SMLC of the MME Relocation as the serving MME is anyway transparent to the E-SMLC in alternative #5.
6.5.3.6.4
UTRAN to E-UTRAN Relocation (Emergency Location Only)
Same applies as for alternative #1.
6.5.3.6.5
E-UTRAN to UTRAN Relocation (Emergency Location Only)
Same applies as for alternative #1. Again, there is no need for the GMLC to inform the E-SMLC of the MME Relocation as the serving MME is anyway transparent to the E-SMLC in alternative #5.
6.5.3.6.6
Variant2: Source MME/SGSN notification of MME/SGSN Relocation

6.5.3.6.6.1
Introduction for source MME/SGSN notification of MME/SGSN Relocation

Same applies as for alternative #1.
6.5.3.6.6.2
Support of E-UTRAN MME Relocation

Same applies as for alternative #1. However, there is no need for the GMLC to inform the E-SMLC of the MME Relocation as the serving MME is anyway transparent to the E-SMLC in alternative #5. Neither it is required for the E-SMLC to inform the New MME.
6.5.3.6.6.3
UTRAN to E-UTRAN Relocation

Same applies as for alternative #1.
6.5.3.7
Location Continuity for Emergency Call Handover between PS and CS Domains

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

6.5.3.8
MT-LR Procedure

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

6.5.3.9 
Support of an MO-LR

6.5.3.9.1
NAS Protocol Support

Same applies as for 6.2.3.8.1.

6.5.3.9.2
MO-LR Procedure
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Figure 6.5-7 – 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 Subscriber Location Report including the QoS and MO-LR Request indication to the GMLC.

5. The GMLC sends a Positioning Request to the eSMLC over SLs interface containing the UE Identity and QoS.

6. The E-SMLC performs a positioning procedure appropriate to the QoS according to Figure 6.5-4 and/or 6.5-6.
7. The E-SMLC returns the resulting location information (e.g. location estimate) to the GMLC.

8. The GMLC responds to the MME with a Subscriber Location Report Ack containing the Location Estimate. For a MO-LR transfer to third party, the GMLC would also forward the location information obtained in step 7 to an LCS Client via the HGMLC (not shown) and R-GMLC.
9. The MME returns the result of the positioning (e.g. a location estimate) to the eNode B.
10. The eNode B forwards the location result to the UE.
6.5.4
Evaluation

The following table provides an evaluation of architectural alternative #5 with respect to support of emergency calls.

	Criteria
	# 5



	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
	0

	Number of new GMLC interfaces (Note 3)
	1

	Number of interfaces to the E-SMLC
	1

	Positioning Continuity possible for intra-MME relocation (Note 1)
	

	Positioning Continuity possible for inter-MME relocation (Note 1)
	

	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 ISR
	Yes


Table 6.5-1 – Evaluation of Architectural Alternative 5 

Note 1:
Positioning continuity here refers to the ability to continue a UE assisted or UE based positioning session between the GMLC/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

Note 3:
If the SLs interface is based on OMA ILP it may be considered as an existing interface otherwise there are 2 new interfaces to the GMLC.

6.5.5
User Plane interworking

The same interworking principle as presented in section 6.2.5 for alternative #2 applies.

6.5.5.1
Objectives

The objectives are similar as presented in section 6.2.5.1 for alternative #2. In addition the combination of GMLC and SLC functionality enables a consistent architecture regardless whether positioning is made in CP or UP or both. The selection may depend on a number of factors including but not limited to terminal capabilities, use case, i.e emergency location or commercial location as well as operator preference.

6.5.5.2
Architectural Details

The extension is shown in Figure 6.5-8. The main distinguishing characteristic is an E-SMLC including an SPC connected to the GMLC. This variant has, for CP-only positioning the same characteristic, information flows and protocols as Architectural Alternative #5 in section 6.5. For inter-working UP/CP positioning, no new interfaces need to be defined assuming the SPC is integrated in E-SMLC or attached with proprietary interface to E-SMLC. The SLs interface can be a new interface but could be based on Llp using OMA ILP protocol. The SLs interface need to be capable to query eNBs for information not related to a UE connection. This may however be required also for a CP-only positioning procedure. The Lup and Llp interface are part of the UP solution and are not part of the CP LCS solution. To fully utilize the inter-working the ULP/ILP protocols need to use a specific positioning protocol defined for LTE.
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Figure 6.5-8 – LCS Control Plane Architecture employing an Evolved SMLC (E-SMLC) with integrated SPC attached to the GMLC

6.5.5.3
Information Flows and Protocols

6.5.5.3.1
Network Based Positioning Procedure
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Figure 6.5-9 – Network Based Positioning Procedure

1.
An UP positioning procedure in the SPC associated with the E-SMLC. The SPC requests radio specific information from the E-SMLC.

2.
The E-SMLC sends a Positioning Measurement Request to the MME via the GMLC. This includes parameters for the E-UTRAN defining the type of measurement information required.

3.
The GMLC continues with an MT-LR positioning procedure as in 6.5.3.3.

4.
The GMLC forwards the measurements to the E-SMLC.
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