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* * * Start of 1st Change * * * *

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Dh
Interface between LIMS-IWF and SLF
Gb
Interface between 2G-SGSN and BSS

Gs
Interface between MSC and SGSN

La
Interface between GMLC and AAA

Lc
Interface between gateway MLC and gsmSCF (CAMEL interface)

Le
Interface between External User and MLC (external interface)

Lg
Interface between Gateway MLC - VMSC, GMLC - MSC Server, GMLC - SGSN (gateway MLC interface)
Lgd
Interface between GMLC and SGSN (Diameter based)
Lh
Interface between Gateway MLC and HLR (MAP based)

Lid
Interface between GMLC and PMD.

Lpp
Interface between GMLC(H-GMLC) and PPR entity.

Lr
Interface between Gateway MLCs

Ml
Interface between the E-CSCF and LRF

Sh
Interface between LIMS-IWF and HSS
SLg
Interface between GMLC and MME

SLh
Interface between GMLC and HSS (Diameter based)

SLs
Interface between MME and E-SMLC

Um
GERAN Air Interface

Uu
UTRAN Air Interface

* * * End of 1st Change * * * *

* * * Start of Change * * * *

5.X
Optimized Lgd Procedure

Optimized Lgd is an optional feature, applicable when Lgd is used, which allows signalling savings for when the GMLC needs the location information from the UE served by a combined MME/SGSN. It requires support from the following network elements:

· Combined MME / SGSN when both MME and SGSN parts of the combined MME / SGSN are serving the UE

· HSS

· GMLC

A combined MME/SGSN supporting this feature shall indicate its support to the HSS via 'Optimized Lgd' indicator during Update Location Request procedures when network supports ISR, as specified in 3GPP TS 29.272 [XX].

An HSS supporting this feature shall indicate its support to the GMLC via 'Optimized Lgd' indicator in response to Send Routing Info for LCS request if the combined MME/SGSN registered for the given UE has indicated support for this procedure as specified in 3GPP TS 29.173 [YY]. Upon receipt of 'Optimized Lgd' indicator from the HSS, and if the GMLC supports this feature, then the GMLC shall consider this feature as activated for a given LCS Service Request procedure.

Once the GMLC receives "Optimized Lgd" indicator from the HSS indicating support for this feature, and the GMLC has received both MME and SGSN addresses from the HSS, and the GMLC has determined to execute either PS-MT-LR or EPS-MT-LR procedures, and the GMLC has determined to not execute deferred location procedures, then the GMLC shall send only a single Provide Subscriber Location request to the combined MME/SGSN. When the combined MME/SGSN receives a single Provide Subscriber Location request, it shall perform either EPC-MT-LR or PS-MT-LR procedure depending upon the knowledge of the current RAT type of the UE. E.g. if the UE is in connected mode in E-UTRAN, the combined MME/SGSN performs only EPC-MT-LR procedure; if the ISR activated UE is in idle mode, the combined MME/SGSN performs the paging procedure followed by either EPC-MT-LR or PS-MT-LR procedure (depending upon the RAT where the UE is active).
* * * End of Change * * * *

* * * Start of 2nd Change * * * *

6
LCS Architecture

Figure 6.1 shows the general arrangement of the Location Service feature in GSM, UMTS and EPS. This illustrates, generally, the relation of LCS Clients and servers in the core network with the GERAN, UTRAN and E‑UTRAN Access Networks. The LCS entities within the Access Network communicate with the Core Network (CN) across the A, Gb, Iu and S1 interfaces. Communication among the Access Network LCS entities makes use of the messaging and signalling capabilities of the Access Network.

As part of their service or operation, the LCS Clients may request the location information of UE. There may be more than one LCS client. These may be associated with the GSM/UMTS/EPS networks or the Access Networks operated as part of a UE application or accessed by the UE through its access to an application (e.g. through the Internet).

The clients make their requests to a LCS Server. There may be more than one LCS Server. The client must be authenticated and the resources of the network must be co-ordinated including the UE and the calculation functions, to estimate the location and optionally, velocity of the UE and result returned to the client. As part of this process, information from other systems (other Access Networks) can be used. As part of the location information returned to the client, an estimate of the accuracy of the estimate and the time-of-day the measurement was made may be provided.
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NOTE 1:
HSS includes both 2G-HLR and 3G-HLR functionality. LCS is included in the overall network architecture in TS 23.002 [20].

NOTE 2:
As one alternative the LCS client may get location information directly from GMLC, which may contain OSA Mobility SCS with support for the OSA user location interfaces. See TS 23.127 [26] and TS 29.198 [27, 28, 29 and 30].

NOTE 3:
The PPR functionality may be integrated in GMLC
NOTE 4:
The PMD functionality may be integrated in GMLC or PPR.

NOTE 5:
The LIMS-IWF may optionally be located within the GMLC.

NOTE 6:
LRF may interact with a separate GMLC or contain an integrated GMLC.

NOTE 7:
the SLP, which may be an H-SLP, V-SLP or E-SLP, may optionally be associated with an E-SMLC in order to share assistance data for support of both control plane LCS and OMA SUPL for an operator who deploys both solutions. Interaction between the E-SMLC and SLP is outside the scope of this TS.

NOTE 8:
The E-UTRAN may also comprise an LMU as noted in TS 36.300 [50] which interacts with an E-SMLC via the SLm interface. This LMU may be standalone or integrated into an eNodeB, as noted in TS 36.305 [42].
NOTE 9:
Interface between SGSN and GMLC when MAP-based is referred to as Lg. and when Diameter-based is referred to as Lgd.
Figure 6.1-1: General arrangement of LCS

Figure 6.1-1a shows the general arrangement of the Location Service feature in I‑WLAN. This illustrates, generally, the relation of LCS Clients and servers in the core network with the WLAN Access Networks.
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NOTE 1:
The shaded area refers to WLAN 3GPP IP Access functionality.

NOTE 2:
The LCS La interface is added to support LCS for I‑WLAN

NOTE 3:
The GMLC can have the SLP functionality or GMLC can be connected to the SLP.

NOTE 4:
For I-WLAN emergency location determination, the Ml interface between E-CSCF and LRF will be used.  For roaming scenario, the Lr will be used.

Figure 6.1-1a: General arrangement of LCS for I-WLAN
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NOTE 1:
LRF may interact with a separate GMLC or contain an integrated GMLC.

NOTE 2:
the SLP, which may be an H-SLP, V-SLP or E-SLP, may optionally be associated with an E-SMLC in order to share assistance data for support of both control plane LCS and OMA SUPL for an operator who deploys both solutions. Interaction between the E-SMLC and SLP is outside the scope of this TS.

NOTE 3:
The E-UTRAN may also comprise an LMU as noted in TS 36.300 [50] which interacts with an E-SMLC via the SLm interface. This LMU may be standalone or integrated into an eNodeB, as noted in TS 36.305 [42].
NOTE 4:
Interface between SGSN and GMLC when MAP-based is referred to as Lg. and when Diameter-based is referred to as Lgd.
Figure 6.1-2: General arrangement of LCS with inter-GMLC and LIMS-IWF [Lr] interface

* * * End of 2nd Change * * * *

* * * Start of 3rd Change * * * *

6.2
Allocation of LCS functions to network elements

Table 6.1 shows a summary of the Functional Groups and Functional Blocks for Location services. Table 6.2 and figure 6.2 show the generic configuration for LCS and the distribution of LCS functional blocks to network elements. Different positioning methods, including network-based, mobile-based, mobile-assisted and network-assisted positioning methods may be used. With this configuration both the network and the mobiles are able to measure the timing of signals and compute the mobile's location estimate. Depending on the applied positioning method it is possible to utilise the corresponding configuration containing all needed entities. For instance, if network-based positioning is applied, the entities that are involved in measuring the mobile's signal and calculating its location estimate are allocated to the network elements of the access stratum. On the other hand, in case mobile-based or network-assisted methods are used these entities should be allocated to the UE.

LCS is logically implemented on the network structure through the addition of one network node, the Mobile Location Centre (MLC). It is necessary to name a number of new interfaces. The LCS generic architecture can be combined to produce LCS architecture variants.

Table 6.1: Summary of Functional Groups and Functional Blocks for Location services

	Funct.
Group
	Functional component
	Full name of Functional Block
	Abbrev.

	Loc.
	Location Client
	(External) Location Client Function
	LCF

	Client
	Component
	Internal Location Client Function
	LCF

-internal

	LCS Server in PLMN
	Client handling component
	Location Client Control Function
	LCCF

	
	
	Location Client Authorization Function
	LCAF

	
	
	Location Client Co-ordinate Transformation Function
	LCCTF

	
	
	Location Client Zone Transformation Function

	LCZTF

	
	System handling component
	Location System Control Function
	LSCF

	
	
	Location System Billing Function
	LSBF

	
	
	Location System Operations Function
	LSOF

	
	
	Location System Broadcast Function
	LSBcF

	
	
	Location System Co-ordinate Transformation Function
	LSCTF

	
	
	Location IMS – Interworking Function
	LIMS-IWF

	
	Subscriber Handling component
	Location Subscriber Authorization Function
	LSAF

	
	
	Location Subscriber Translation Function
	LSTF

	
	
	Location Subscriber Privacy function
	LSPF

	
	Positioning component
	Positioning Radio Control Function
	PRCF

	
	
	Positioning Calculation Function
	PCF

	
	
	Positioning Signal Measurement Function
	PSMF

	
	
	Positioning Radio Resource Management
	PRRM


Tables 6.2 and 6.2a and figure 6.2 illustrate the allocation of functional entities in the reference configuration of LCS. It is assumed that the CS and PS have either their own independent mobility management or use the joint mobility management through the optional Gs interface.

It is also seen that LCS may take benefit of the Iur interface between RNCs, when uplink radio information and measurement results are collected.

The functional model presented in the figure includes functional entities for both CS and PS related LCS. In addition, it consists of all the entities needed for different positioning methods, i.e. network based, mobile based, mobile assisted, and network assisted positioning, exploiting either uplink or downlink measurements. Similarly, the velocity of a UE may be calculated in either the network or the UE. It is noted that the UE may use e.g. the GPS positioning mechanism, but still demand e.g. auxiliary measurements from the serving network. RAN specific functional entities are specified in TS 36.305 [42] for E‑UTRAN, TS 25.305 [1] for UTRAN and in TS 43.059 [16] for GERAN.

Table 6.2: Allocation of LCS functional entities to network elements

	
	UE
	RAN
	GMLC
	SGSN
	MSC/MSC Server
	HLR/HSS
	PPR
	PMD
	Client

	Location client functions

	LCF
	X
	
	
	X
	X
	
	
	
	X

	LCF
Internal
	
	X
	
	
	
	
	
	
	

	Client handling functions

	LCCTF
	
	
	X
	
	
	
	
	
	

	LCCF
	
	
	X
	
	
	
	
	
	

	LCAF
	
	
	X
	
	
	
	
	
	

	LCZTF
	
	
	X
	
	
	
	
	
	

	System handling functions

	LSCF
	
	X
	
	X
	X
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	LSBF
	
	
	X
	X
	X
	
	
	
	

	LSOF
	X
	X
	X
	X
	X
	
	
	
	

	LSBcF
	
	X
	
	
	
	
	
	
	

	LSCTF
	
	
	X
	
	
	
	
	
	

	LIMS-IWF
	
	
	X (Note 1)
	
	
	
	
	
	

	Subscriber handling functions

	LSAF
	
	
	X
	X
	X
	
	X
	
	

	LSPF
	
	
	X
	X
	X
	X
	X
	
	

	LSTF
	
	
	
	
	
	
	
	X
	

	Positioning functions

	PRCF
	
	X
	
	
	
	
	
	
	

	PCF
	X
	X
	
	
	
	
	
	
	

	PSMF
	X
	X
	
	
	
	
	
	
	

	PRRM
	
	X
	
	
	
	
	
	
	

	
	UE
	RAN
	GMLC
	SGSN
	MSC/MSC Server
	HLR/HSS
	PPR
	PMD
	Client


NOTE 1:
The LIMS-IWF may optionally be located within the GMLC. If it is not located within the GMLC, it shall use the Le or Lr reference point to interface to the GMLC.

NOTE 2:
The functional entities shown for the RAN are valid for GSM and UMTS but not EPS.

Table 6.2a: Allocation of LCS functional entities to EPS elements

	
	UE
	RAN
	GMLC
	MME
	E-SMLC
	HLR/HSS
	PPR
	PMD
	Client

	Location client functions

	LCF
	X
	
	
	X
	
	
	
	
	X

	LCF
Internal
	
	
	
	
	
	
	
	
	

	Client handling functions

	LCCTF
	
	
	X
	
	
	
	
	
	

	LCCF
	
	
	X
	
	
	
	
	
	

	LCAF
	
	
	X
	
	
	
	
	
	

	LCZTF
	
	
	X
	
	
	
	
	
	

	System handling functions

	LSCF
	
	
	
	X
	
	
	
	
	

	LSBF
	
	
	X
	X
	
	
	
	
	

	LSOF
	X
	X
	X
	X
	X
	
	
	
	

	LSBcF
	
	X
	
	
	X
	
	
	
	

	LSCTF
	
	
	X
	
	
	
	
	
	

	LIMS-IWF
	
	
	X (Note 1)
	
	
	
	
	
	

	Subscriber handling functions

	LSAF
	
	
	X
	X
	
	
	X
	
	

	LSPF
	
	
	X
	X
	
	X
	X
	
	

	LSTF
	
	
	
	
	
	
	
	X
	

	Positioning functions

	PRCF
	
	
	
	
	X
	
	
	
	

	PCF
	X
	
	
	
	X
	
	
	
	

	PSMF
	X
	X
	
	
	
	
	
	
	

	PRRM
	
	X
	
	
	
	
	
	
	

	
	UE
	RAN
	GMLC
	MME
	E-SMLC
	HLR/HSS
	PPR
	PMD
	Client


NOTE 1:
The LIMS-IWF may optionally be located within the GMLC. If it is not located within the GMLC, it shall use the Le or Lr reference point to interface to the GMLC.
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NOTE 1:
The LIMS-IWF may optionally be located within the GMLC. If it is not located within the GMLC, it shall use the Le or Lr reference point to interface to the GMLC.

Figure 6.2: Generic LCS Logical Architecture
* * * End of 3rd Change * * * *

* * * Start of 4th Change * * * *

6.3.3
Gateway Mobile Location Centre, GMLC

The Gateway Mobile Location Centre (GMLC) contains functionality required to support LCS. In one PLMN, there may be more than one GMLC.

A GMLC is the first node an external LCS client accesses in a PLMN (i.e. the Le reference point is supported by the GMLC). The GMLC may request routing information from the HLR via the Lh interface or HSS via the SLh/Lh interface. After performing registration authorization, it sends positioning requests to either VMSC, SGSN, MSC Server or MME and receives final location estimates from the corresponding entity via  the Lg, Lgd or SLg interface. 
NOTE:
Support of both Lg and Lgd on GMLC is an implementation option. Whether a GMLC supporting both interfaces (Lg and Lgd) uses Lg or Lgd towards an SGSN is based on operator configuration.
Information needed for authorisation, location service requests and location information may be communicated between GMLCs, located in the same or different PLMNs, via the Lr interface. The target UE's privacy profile settings shall always be checked in the UE's home PLMN prior to delivering a location estimate. In order to allow location request from a GMLC outside the HPLMN while having privacy check in the HPLMN, the Lr interface is needed.

The "Requesting GMLC" is the GMLC, which receives the request from LCS client.

The "Visited GMLC" is the GMLC, which is associated with the serving node of the target mobile.

The "Home GMLC" is the GMLC residing in the target mobile's home PLMN, which is responsible for the control of privacy checking of the target mobile.

The Requesting GMLC can be the Visited GMLC, and either one or both of which can be the Home GMLC at the same time.

* * * End of 4th Change * * * *

* * * Start of 5th Change * * * *

6.3.7
SGSN

The SGSN contains functionality responsible for UE subscription authorization and managing positioning requests of LCS. The SGSN is accessible to the GMLC via the Lg (MAP-based) or Lgd (Diameter-based) interface. The LCS functions of SGSN are related to charging and billing, LCS co-ordination, location request, authorization and operation of the LCS services.
NOTE:
Support of both Lg and Lgd on SGSN is an implementation option. Whether an SGSN supporting both (Lg or Lgd) interfaces uses Lg or Lgd towards a GMLC is based on operator configuration
.
The SGSN may inform HLR/HSS about the UE's LCS Capabilities for GPRS and may include the IP address of the V-GMLC associated with the SGSN in the MAP UPDATE GPRS LOCATION message, during Attach and Inter SGSN Routing Area Update procedures.

The SGSN forwards the circuit-switched paging request received from the Gs interface to the BSS/RNC.

* * * End of 5th Change * * * *

* * * Start of 6th Change * * * *

7.X
Lgd Interface

Lgd is the interface that is used by the GMLC to convey a location request to the SGSN currently serving a particular target UE whose location was requested. The interface is also used by the SGSN to return location results to the GMLC. This interface is applicable only for an SGSN supporting EPS based interfaces and protocols.
* * * End of 6th Change * * * *

* * * Start of Change * * * *

9.1.1
Common MT-LR procedure in PS and CS domain
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Figure 9.1: General Network Positioning for a MT-LR

1)
An external LCS client requests the current location and optionally, velocity of a target UE from a GMLC. The LCS Client may also request a deferred location request, i.e. based on event. The R-GMLC verifies the identity of the LCS client and its subscription to the LCS service requested and derives the MSISDN or IMSI or pseudonym of the target UE to be located and the LCS QoS from either subscription data or data supplied by the LCS client. For a call related location request, the LCS client includes the LCS client's called party number, as dialled by the target mobile user, in the LCS service request. For a session related location request, the LCS client includes the APN-NI of the LCS client, as used by the target UE, in the LCS service request. For a call/session related request the R-GMLC may verify that the called party number or APN-NI is correct for the LCS client in question. The LCS client's dialled number or APN-NI are checked in step 9 for the call/session related class.
The LCS request may carry also the Service Identity and the Codeword and the service coverage information. The R-GMLC may verify that the Service Identity received in the LCS request matches one of the service identities allowed for the LCS client. If the service identity does not match one of the service identities for the LCS client, the R-GMLC shall reject the LCS request. Otherwise, the R-GMLC can map the received service identity in a corresponding service type.
If the location request is originated by a Requestor, the Requestor Identity may be added to the LCS service request. The LCS client should authenticate the Requestor Identity but this is outside the scope of this specification. The LCS service request may also contain the type of the Requestor identity if the requestor identity was included.

If the H-GMLC address is not contained in the pseudonym or cannot deduced from the pseudonym, the R-GMLC shall determine the verinym for the pseudonym. In this case the R-GMLC may access to its associated PMD as described in 9.1.1.3.
The R-GMLC verifies whether it stores the privacy profile of the target UE. If the R-GMLC stores the UE's privacy profile, (this means the R-GMLC is the H-GMLC of the target UE), then step 2, 3, 4 and 12 are skipped.
If location is required for more than one UE, the steps following below may be repeated and in that case the R-GMLC should verify whether the number of Target UEs in the LCS request is equal or less than the Maximum Target UE Number of the LCS client. If the Maximum Target UE Number is exceeded, the R-GMLC should respond to the client with proper error cause. If periodic location is requested, the steps following below may be repeated or the R‑GMLC may forward the periodic location request to the UE, see clause 9.1.12.
2)
If the R-GMLC already knows, (e.g. from a previous location request or an internal lookup table), or is able to determine, (e.g. it is possible to use a DNS lookup mechanism similar to IETF RFC 2916), the network address of H-GMLC of the target UE, or in case the location service request contains the target UE's pseudonym, which includes the target UE's Home-GMLC address, or a pseudonym from which the target UE's Home-GMLC address can be deduced, then 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 the UE.
The details of the alternative methods of retrieving H-GMLC address other than the sending SEND_ROUTING_INFO_FOR_LCS message to the HLR/HSS, (e.g. internal lookup table, DNS lookup mechanism), are not in the scope of this specification.

Editor's note:
The support for number portability with these alternative solutions of retrieving H-GMLC address still needs further study and should be in line with the general solution to support number portability in Rel-6.

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, the LCS capabilities of the serving nodes if available , the V-GMLC address associated with the serving nodes, if available and whichever of the IMSI and MSISDN that was not provided in step 2. The HLR/HSS returns the address of the H-GMLC. The HLR/HSS also returns the address of the PPR, if available.

NOTE 1:
HLR/HSS may prioritise between the MSC/VLR or 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.

4)
If R-GMLC finds out that it is the H-GMLC, the signalling steps 4 and 15 are skipped.
 If the R-GMLC did not receive the H-GMLC address in step 3 and can not retrieve the H-GMLC address in some other way (e.g. DNS lookup), then steps 4, 5, 6, 7, 8, 10, 11, 12, 14 and 15 are skipped and the R-GMLC directly sends the PSL message to the serving node.
Otherwise, the R-GMLC sends the location request to the H-GMLC. If one or several of the network addresses of the current SGSN and/or VMSC/MSC server and/or current MME, the LCS core network signalling capabilities of the serving nodes, IMSI and MSISDN for the target UE and the address of the V-GMLC and the PPR have been retrieved in Step 3, the R-GMLC shall pass the information with the location request to the H-GMLC. The R-GMLC shall also send the service coverage information to the H-GMLC, if the information is available.

5)
The H-GMLC verifies whether the R-GMLC is authorized to request UE location information. If the R-GMLC is not authorized, an error response is returned.
If the LCS service request contains the pseudonym of the target UE and the H-GMLC cannot resolve the PMD address from the pseudonym, the H-GMLC itself determines the verinym (MSISDN or IMSI) of the target UE. If the H-GMLC can resolve the address of PMD from the pseudonym, the H-GMLC requests the verinym from its associated PMD, see clause 9.1.1.3. In case H-GMLC knows that the PMD functionality is integrated in PPR, it can include the information from the LCS Identity Request in the LCS authorisation request to the PPR, see clause 9.1.1.1. In this case, if H-GMLC is not able to obtain the verinym of the target UE, the H-GMLC shall cancel the location request.
The H-GMLC performs privacy check on the basis of the UE user's privacy profile stored in the H-GMLC and the capabilities of the serving nodes (MSC/VLR and/or SGSN and/or MME), if available. If the privacy profile of the target UE is stored in a PPR and the H-GMLC received the network address of the PPR from R-GMLC or is able to determine the PPR address (e.g. from a previous location request or an internal lookup table), the H-GMLC shall ask the PPR to perform the privacy check as described in the 9.1.1.1. If the privacy profile is stored in a PPR but the network address of the PPR is not available, the H-GMLC shall send SRI for LCS message to HLR/HSS in step 6 in order to get the PPR address and the privacy check in this step shall be performed after step 7. Also if the key of the UE user's privacy profile (i.e. MSISDN or IMSI) is not available, the privacy check in this step shall be performed after step 7. The H-GMLC/PPR verifies LCS barring restrictions in the UE user's privacy profile in the H-GMLC/PPR. 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 the location service request is to be barred, GMLC shall terminate the request towards the R-GMLC or the LCS client with the appropriate error code. As a result of the privacy check, the H-GMLC/PPR selects one or two indicators of the privacy check related action and/or a pseudo-external identity in the case of interaction with a pre Rel-6 serving node. (The details of the indicator of the privacy check related action and the pseudo-external identity are described in chapter 9.5.4 and Annex C). If the requested type of location is "current or last known location" and the requested maximum age of location information is available, the H-GMLC verifies whether it stores the previously obtained location estimate of the target UE. If the H-GMLC stores the location estimate and the location estimate satisfies the requested accuracy and the requested maximum age of location, the H-GMLC checks the result of the privacy check. In case the result of the privacy check for call/session unrelated class is "Location allowed without notification" then steps 6, 7, 8, 9 and 10 may be skipped.

6)
If the H-GMLC does not know IMSI for the particular MSISDN (e.g. from a previous location request), and the VMSC/MSC server address, SGSN address or MME address, the H-GMLC shall send 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. Also if the privacy profile is stored in a PPR but the network address of the PPR was not available in the step 5, the H-GMLC shall send the SRI for LCS message to HLR/HSS. Otherwise, this step and step 7 may be skipped.

7)
The HLR/HSS then returns one or several of the network addresses of the current SGSN and/or VMSC/MSC server and/or current MME, the LCS core network signalling capabilities of the serving nodes , the V-GMLC address associated with the serving nodes, if available, "Optmized Lgd" indicator if enabled per criteria in section 5.X and whichever of the IMSI and MSISDN that was not provided in step (6) for the particular UE. The HLR/HSS may also return the address of the PPR, if available.

NOTE 2:
HLR/HSS may prioritise between the MSC/VLR or 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 3:
If ISR is active for LTE access, the HSS may return the address of both the current MME and current SGSN.

8)
If step 6 and step 7 were performed, the H-GMLC/PPR may do a new privacy check, or if the privacy profile is stored in a PPR but the network address of the PPR was not available in step 5 and the PPR address is obtained in step 7, the H-GMLC shall ask the PPR to perform the privacy check as described in the 9.1.1.1.
The H-GMLC shall forward a request for a deferred MT-LR only to an SGSN and/or VMSC/MSC server. If neither was indicated by the HLR/HSS in step 7 in the case of a deferred MT-LR (e.g. if the HLR/HSS returned the current MME but not a current SGSN or VMSVC/MSC sever), the H-GMLC shall return an error to the R‑GMLC.
Also if the location request is an immediate location request and the service coverage information was sent from R-GMLC, the H-GMLC checks the country codes of the serving node addresses. If the H-GMLC finds out the current SGSN and/or VMSC/MSC server and/or current MME locates out of the service coverage, the H-GMLC returns an appropriate error message to the R-GMLC or the LCS client.
In the cases when the H-GMLC did not receive the address of the V-GMLC, or when the V-GMLC address is the same as the H-GMLC address, or when both PLMN operators agree not to use the Lr interface, the H-GMLC does not send the location request to the V-GMLC and step 10 is skipped. In this case, the H-GMLC sends the location service request message to the serving node.
If the H-GMLC received the address of the V-GMLC from the HLR/HSS and the V-GMLC address is different from the H-GMLC address, the H-GMLC may send 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 and/or current MME, and the IMSI and MSISDN of the target UE. The location request may also carry the requested action of the VPLMN as the result of the privacy check in the H-GMLC (i.e. by using the indicator of the privacy check related action as described in chapter 9.5.4 or by using the pseudo-external identity as described in Annex C in the case of query to a pre Rel-6 serving node). If the result of privacy check indicates that the notification (and verification) based on current location is needed, the H-GMLC shall send a location request to the V-GMLC indicating "positioning allowed without notification" or, for backwards compatibility with a pre Rel-6 serving node, a pseudo external identity representing the same privacy notification and verification action required as for the "positioning allowed without notification" procedure as described in Annex C and V-GMLC shall send a Provide Subscriber Location message to the MSC/SGSN/MME indicating "positioning allowed without notification" or, for backwards compatibility with a pre Rel-6 serving node, a pseudo external identity representing the same privacy notification and verification action required as for the "positioning allowed without notification" procedure as described in Annex C. The V-GMLC first authenticates that the location request is allowed from this GMLC, PLMN or from this country. If not, an error response is returned.

Editor's Note:
The restriction for a deferred MT-LR in the case of a current MME may be removed in a later version of this TS.

9)
If the GMLC (H-GMLC, R-GMLC or V-GMLC) receives only the MSC/VLR address, the MT LR proceeds as the CS-MT-LR procedure described in clause 9.1.2.If the GMLC receives only the SGSN address, the MT LR proceeds as the PS-MT-LR procedure described in clause 9.1.6. If the GMLC receives only the MME address, the MT LR proceeds as the EPC-MT-LR procedure described in clause 9.1.15. If 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. If the requested MT-LR is known to be associated with a CS call, the CS-MT-LR procedure shall be invoked. If the requested MT-LR is associated with a PS session in UTRAN, the PS-MT-LR procedure shall be invoked. If the requested MT-LR is associated with a PS session in E-UTRAN, the EPC-MT-LR procedure shall be invoked. Otherwise, two or more of CS-MT-LR, PS-MT-LR and EPC-MT-LR are applicable. If the GMLC has determined that PS-MT-LR and/or EPC-MT-LR procedures are to be executed then per criteria mentioned in section 5.X the GMLC shall set the "Optimized Lgd" indicator in the Provide Subscriber Location request procedure for either EPC-MT-LR or PS-MT-LR. In this case, GMLC shall only execute either EPC-MT-LR or PS-MT-LR procedure. If LCS Client indicated deferred location request, GMLC shall indicate this together with applicable event type (e.g. UE available) in the requested PS/CS-MT-LR, see 9.1.8.

NOTE 4:
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 HSS or information already stored in the GMLC (e.g. obtained from previous location requests). The order may also depend on operator preference for invoking or not invoking location estimation on a particular access type when CSFB or ISR may be supported.

NOTE 5:
If ISR is active for LTE access, the V-GMLC receives both an SGSN and MME address. The VGMLC which hasn't received activation of Optimized Lgd procedures (see section 5.X) from HSS and which doesn't support Optimized Lgd procedures (see section 5.X), may then instigate both PS-MT-LR and EPC-MT-LR procedures. This will lead to separate paging of the UE in its registered TA(s) in association with the MME procedure and in its registered RA(s) in association with the SGSN procedure. The UE would then respond to only one paging request leading to continuation of only one of the MT-LR procedures and a termination of the other. The V-GMLC will discover which is which from the responses it later receives from the MME and SGSN for each MT-LR procedure.

10)
The V-GMLC sends the location service response to the H-GMLC in accordance with the requested LCS QoS Class. If the requested LCS QoS class was Assured, V-GMLC sends the result only if the result has been indicated to fulfil the requested accuracy, otherwise V-GMLC sends a LCS service response with a suitable error cause. If the UE requested LCS QoS class was Best Effort, V-GMLC sends whatever result it received with an appropriate indication if the requested accuracy was not met. The location service response may contain the information about the positioning method used. The V-GMLC may record charging information.

11)
If the privacy check in step 5 indicates that further privacy checks are needed, or on the basis of the privacy profile, the H-GMLC shall perform an additional privacy check or the H-GMLC may ask the PPR to perform the privacy check as described in the 9.1.1.1 in order to decide whether the H-GMLC can forward the location information to the LCS client or send a notification if the result of the privacy check requires the notification and verification based on current location. If the location request from the R-GMLC or the LCS client contained the pseudonym, the H-GMLC shall use the pseudonym of the target UE in the location response to the R-GMLC or the LCS client. One example when this additional privacy check is needed is when the target UE user has defined different privacy settings for different geographical locations.

12)
If the result of privacy checks in step 11 indicates that the notification (and verification) based on current location is needed, the HGMLC shall send a location request to the V-GMLC indicating "notification only" or, for backwards compatibility with a pre Rel-6 serving node, a pseudo external identity representing the same privacy notification and verification action required as for the "notification only" procedure as described in Annex C. Otherwise this step and steps 13, 14 may be skipped. If the H-GMLC received the address of the V-GMLC from the HLR/HSS and the V-GMLC address is different from the H-GMLC address in step 8, the H-GMLC may send 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 and/or current MME, and the IMSI and MSISDN of the target UE.

NOTE:
The use of pseudo external identities in this step implies that a second positioning attempt is performed.

13)
If the GMLC (H-GMLC, R-GMLC or V-GMLC) received only the MSC/VLR address in step 9, the MT LR proceeds as the CS post positioning notification and verification procedure described in clause 9.1.10 or clause 9.1.2 if pseudo external identity is used. If the GMLC receives only the SGSN address in step 9, the MT LR proceeds as the PS post positioning notification and verification procedure described in clause 9.1.11 or clause 9.1.6 if pseudo external identity is used. If the GMLC receives only the MME address in step 9, the MT LR proceeds as the EPC post positioning notification and verification procedure described in clause 9.1.18. If 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. If the requested MT-LR is known to be associated with a CS call, the CS post positioning notification and verification procedure shall be invoked. If the requested MT-LR is associated with a PS session in UTRAN, the PS post positioning notification and verification procedure shall be invoked. If the requested MT-LR is associated with a PS session in E-UTRAN, the EPC post positioning notification and verification procedure shall be invoked. Otherwise, CS and/or PS and/or EPC post positioning notification and verification procedure are applicable.

14)
The V-GMLC sends the location service response with an indication of the result of notification and verification procedure performed in step 13 to the H-GMLC.

15)
The H-GMLC sends the location service response to the R-GMLC. The H-GMLC may store the location information and its age. The location service response may contain the information about the positioning method used and the indication whether the obtained location estimate satisfies the requested accuracy or not. The H-GMLC may record charging information.

16)
R-GMLC sends the location service response to the LCS client. If the location request from the LCS client contained the pseudonym and the R-GMLC resolved the verinym from the pseudonym in the step 1, the R-GMLC shall use the pseudonym of the target UE in the location 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 or MME into some local geographic system. The R-GMLC may record charging information both for the LCS client and inter-network revenue charges from the SGSN or MSC/MSC server or MME's network. The location service response from the R-GMLC to the LCS client may contain the information about the positioning method used and the indication whether the obtained location estimate satisfies the requested accuracy or not.

The detailed CS-MT-LR, PS-MT-LR and EPC-MT-LR procedures in step 9 of figure 9.1 are described in clauses 9.1.2, 9.1.6 and 9.1.15. The detailed procedure for deferred PS/CS-MT-LR is described in clause 9.1.8.

.
* * * End of Change * * * *

* * * Start of 7th Change * * * *

9.1.6A
PS-MT-LR without HLR Query

Figure 9.5A 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 GMLC 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 out of scope of this TS, but is presumed to occur on the signalling for the call. The correlation information may be used by the GMLC to retrieve other information previously provided to it by the IMS Core as per TS 23.167 [36a] and/or SGSN as described in clause 9.1.7. This allows the requesting V‑GMLC to request location from the SGSN 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 SGSN identifying information had been pushed to the GMLC as per clause 9.1.7 or as per TS 23.167 [36a].
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Figure 9.5A: Positioning for a Emergency Services PS-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 V‑GMLC by previously supplied correlation information for the emergency call.

2)
The GMLC may determine the SGSN by associating the correlation information received from the PSAP with other information received previously from the SGSN using a PS‑NI‑LR and/or from the IMS core. The Provide Subscriber Location request sent to the SGSN 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 SGSN 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 SGSN 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 SGSN then sends a Location Request to the RAN, as for a normal PS‑MT‑LR.

4)
RAN performs positioning as for a normal PS‑MT‑LR.

5)
RAN returns a location estimate to the SGSN as for a normal PS‑MT‑LR.

6)
The SGSN returns the location information, its age and obtained accuracy indication to the GMLC. The information about the positioning method used may be sent with the location information. If the RAN did not return a successful location estimate, the SGSN 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 GMLC sends the location service response to the LCS client (PSAP).

NOTE:
The SGSN determined by the GMLC in step 2 must be the current SGSN for the UE. In the event of handover to a new SGSN, this may require updating of the GMLC using the PS‑NI‑LR procedure in clause 9.1.7. Before any handover has occurred, this may require using the cell ID or SAI for the UE provided by the IMS Core.

* * * End of 7th Change * * * *

* * * Start of 8th Change * * * *

9.1.7
Packet Switched Network Induced Location Request (PS-NI-LR)

At any time after detecting an emergency situation (i.e. after emergency Attach or Service Request for emergency, PDP context activation towards emergency APN), the SGSN may initiate the Packet Switched Network Induced Location Request (PS‑NI‑LR) procedure. At any time after the handover or relocation of an emergency PDP context from an old to a new SGSN, where the old SGSN indicates that a PS‑NI‑LR is still needed, the new SGSN may initiate a PS‑NI‑LR to the GMLC indicated by the old SGSN. At any time after the handover or relocation of an emergency PDP context from an old to a new SGSN, where the old SGSN indicates that a PS‑NI‑LR is not needed but provides a GMLC address, the new SGSN may initiate a PS‑NI‑LR procedure to transfer its address to the GMLC indicated by the old SGSN in order to support a later PS‑MT‑LR. The procedure is illustrated in figure 9.6.
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Figure 9.6: Network Induced Location Request for the PS Domain

1)
The SGSN sends a Location Request message to the RAN. This message indicates the type of location information requested and requested QoS. If the location of the UE is not required (e.g. the SGSN is only sending its address to the GMLC), the SGSN skips both this step and steps 2 and 3.

9.1.7.1
Positioning Measurement Establishment Procedure

2)
If the requested location information and the location accuracy within the QoS can be satisfied based on parameters received from the SGSN and the parameters obtained by the RAN e.g. cell coverage and timing information (i.e. RTT or TA), the RAN may send a Location Report immediately. Otherwise, the RAN determines the positioning method and instigates the particular message sequence for this method. If the position method returns position measurements, the RAN uses them to compute a location estimate. If there has been a failure to obtain position measurements, the RAN may use the current cell information and, if available, RTT or TA value to derive an approximate location estimate. If an already computed location estimate is returned for an UE based position method, the RAN 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 RAN may instigate a further location attempt using the same or a different position method. If a vertical location co-ordinate is requested but the RAN can only obtain horizontal co-ordinates, these may be returned.

9.1.7.2
Location Calculation and Release Procedure

3)
When a location estimate best satisfying the requested QoS has been obtained, the RAN returns a Location Report to the SGSN 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 Report.

4)
The SGSN may determine the GMLC and emergency services client using the SAI or cell identity, the location estimate if obtained or information received from a previous SGSN in the case of SRNS relocation, RAU or handover. The SGSN 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 (PS‑NI‑LR), and, if these were obtained in steps 1 to 3, the location estimate and its age and the indication received from RAN whether the obtained location estimate satisfies the requested accuracy or not. The serving cell identity or SAI of the UE may also be sent. The SGSN may include its own address. If the UE was not authenticated, the IMEI shall be included. The SGSN may record charging information.

5)
The GMLC shall acknowledge receipt of the location estimate provided that it serves the identified LCS client and the client is accessible.

6)
The GMLC may transfer the location information to the LCS client either immediately or upon request from the client. The GMLC may store the information received in step 4: e.g. may store the UE identity and the address of the SGSN. The GMLC may record charging information.

NOTE:
Determination of the GMLC in step 4 must ensure a match with any GMLC used by the IMS Core to assist with location retrieval for, and/or routing of, the IMS Emergency call.

* * * End of 8th Change * * * *

* * * Start of 9th Change * * * *

9.1.12.2
Reporting of Periodic Location

Once the periodic location reporting has been successfully instigated using the procedure in figure 9.12 (or 9.8a in case the UE subscriber or an application in the UE is the instigator), the UE is responsible for sending location estimates periodically to the LCS Client using MO-LR TTTP procedure illustrated in figure 9.13 below. This procedure begins immediately or, in the case of MO-LR short circuit, almost immediately after the procedure in figure 9.12 (or 9.8a) and continues until the specified number of reports for this request is attained or the procedure is cancelled by the UE, R‑GMLC or H‑GMLC using the procedure specified in clause 9.1.12.3.
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Figure 9.13: Reporting of Periodic Location

1) to 2) If the UE is in idle mode, the UE requests a radio connection setup and sends a CM Service Request indicating a request for call independent supplementary service to the VMSC/MSC server via RAN (CS domain). If the UE is in dedicated mode, the UE sends a CM Service Request on the already established radio connection. The VMSC/MSC server instigates authentication and ciphering if the UE was in idle mode or returns a CM Service Accept if the UE was in dedicated mode.


For PS domain, in UMTS, if the UE is in idle mode, the UE requests a PS signalling connection and sends a Service Request indicating signalling to the SGSN via RAN. If the UE already has PS signalling connection, the UE does not need to send the Service Request. Security functions may be executed. These procedures are described in TS 23.060 [15]. In GSM this signalling step is not needed.

3)
The UE sends an LCS MO-LR Invoke to the VMSC/MSC Server (CS domain) or to the SGSN (PS domain) for a transfer of the location estimate to a third party LCS client. This message includes the identity of the LCS client and the H-GMLC address received by the UE during execution of the procedure described in clause 9.1.12.1 (or clause 9.2.3).
The LCS MO-LR Invoke also includes the LDR Reference Number. The presence of the LDR Reference Number indicates that the transfer and its attributes (e.g. use of MO-LR Short Circuit) have been previously authorized by the R-GMLC, H-GMLC and V-GMLC, using the procedure described in clause 9.1.12.1 (or clause 9.2.3).
This message also includes a location estimate if MO-LR Short Circuit was requested and has been acknowledged by the UE. If MO-LR Short Circuit has been acknowledged and the UE was not able to obtain a location estimate, the LCS MO-LR Invoke shall still be sent when the reporting event occurs indicating that no location estimate is available.
If MO-LR Short circuit has not been agreed or was not requested, the LCS MO-LR Invoke message does not include any location estimate or error indication, but includes QoS information and optional periodic location information (reporting interval and number of reports), as well as an optional request for location update notification (see steps 13 and 14).

4) to 6) If MO-LR Short Circuit is not used (i.e. no location estimate or no error indicating unavailability of a location estimate is included in step 3), the MSC/SGSN obtains a location estimate by sending a Location Request to RAN associated with the target UE in step 4. The Location Request includes the LCS QoS. If supported by the serving RAN and included by the UE in step 3, the Location Request can include periodic location information (e.g. reporting interval and number of reports). In step 5, RAN determines the positioning method and instigates the particular message sequence for this method, as specified in UTRAN Stage 2, TS 25.305 [1] and GERAN Stage 2, TS 43.059 [16]. When a location estimate best satisfying the requested QoS has been obtained, RAN returns it to the MSC/SGSN in a Location Report message in step 6.

7)
If a location estimate has been received from the UE in step 3 (i.e. use of MO-LR Short Circuit) or was successfully obtained in step (6), the MSC/SGSN sends a Subscriber Location Report to its associated V-GMLC with an indication of the periodic event occurrence, the LDR reference number, the H-GMLC address and may also include the indication whether the obtained location estimate satisfies the requested accuracy or not (provided that this indication is obtained from RAN or the UE with the location estimate). If no location estimate was obtained in step 3 or 6 (e.g. positioning failure or time out), a report indicating this shall be returned.

8)
The V-GMLC sends an acknowledgement to the MSC/SGSN and the MSC/SGSN may record charging information.

9)
The V-GMLC sends an LCS Service Response to the H-GMLC with an indication of the periodic event occurrence, the LDR reference number and the location estimate if this was successfully obtained. If the location estimate could not be obtained, the V-GMLC sends the LCS Service Response without the location estimate. The LDR reference number will be used by the H-GMLC to identify the source of the original periodic location request. The V-GMLC may record charging information.

10)
The H-GMLC may perform a privacy check as described in clause 9.1.1.

11)
The H-GMLC sends an LCS Service Response to the R-GMLC with an indication of the periodic event occurrence, the LDR reference number and the location estimate if this was successfully obtained. If the location estimate could not be obtained, the H-GMLC sends the LCS Service Response without the location estimate. If this is the final location report, the periodic location request shall be completed in the H-GMLC. The H-GMLC may record charging information.

12)
The location information is passed to the LCS Client. If this is the final location report, the periodic location request shall be completed in the R-GMLC. The R-GMLC may record charging information.

13) to 14) If periodic reporting in the RAN was instigated in step 4 and location update notification was requested in step 3, an LCS Location Update is sent to the UE to indicate successful transfer of the first location estimate (or possibly transfer of a location failure report) towards the LCS Client. The UE acknowledges this. The UE may employ the LCS Location Update ack. to cancel the procedure (see Note 2).

15) to 24) If periodic reporting in the RAN was instigated in step 4, RAN obtains a new location estimate in step 15 and transfers this to the MSC/SGSN in step 16 after the reporting interval has transpired. The MSC/SGSN transfers the location estimate to the LCS client in steps 17 to 22. Steps 17 to 22 are as in steps 7 to 12. An LCS Location Update is then sent to the UE in step 23 and acknowledged in step 24 if requested in step 3. Steps 23 and 24 are as in steps 13 and 14. Steps 15-24 are repeated at the periodic location interval (as the RAN provides each new location estimate to the MSC/SGSN) until the number of reports is attained, or until there is a request from the RAN to hand the UE over to a different MSC/SGSN. Following transfer of the final location estimate to the LCS Client, the transfer and acknowledgment of an LCS Location Update in steps 23 and 24, if requested in step 3, could be omitted as an implementation option.

25)
The MSC/SGSN returns an LCS MO-LR Return Result to the UE indicating that the location estimate (or location estimates in case of periodic reporting in RAN was instigated at step 4 has been successfully transferred to the LCS client or not.

26)
The MSC/SGSN may release the CM, MM or GMM and radio connection to the UE, if the UE was previously idle.
The UE is responsible for restarting the procedure at step 1 or 3 if the total number of location reports has not yet been reached. In the case of restarting at step 3, the CM, MM/GMM and radio connections would not be released.

NOTE 1:
In case of periodic reporting in the RAN is used, the LCS MO-LR TTTP invoke request sent by the UE in step 3 could include, besides the periodic reporting interval, a number of reports less than or equal to the remaining number of reports for the whole procedure. When a smaller number of reports was requested, the target UE would be responsible for reissuing further MO-LR requests, after periodic reporting from the RAN was completed, until the overall number of reports was attained.

NOTE 2:
After each location estimate (or possibly location failure report) has been transferred to the LCS client (e.g. after step 12, 22), the MSC/SGSN sends an LCS Location Update Invoke message to the UE indicating that the location estimate (or possibly location failure report) has been successfully transferred if this was requested by the UE in step 3. The UE acknowledges the receipt of the LCS Location Update Invoke message and a cancellation of location could be included if the UE subscriber wishes to cancel the periodic location procedure at that point. In the event that the UE cancels the procedure, the MSC/SGSN shall notify the V-GMLC, H-GMLC, R-GMLC and LCS Client using the procedure in clause 9.1.12.4.


If the UE moves out of coverage of the PLMN(s) in which the location reports are allowed or if a conflict with the PLMNs preferred by the UE for other services prevents access to the PLMN(s) for periodic location, the UE terminates the procedure and stops sending LCS MO-LR Invoke. The UE may determine the need for termination if it is unable to instigate an MO-LR TTTP request for some period of time (e.g. some multiple of the required periodic location interval).
If any LCS MO-LR Invoke TTTP request is rejected by the current serving PLMN with a cause indicating that the procedure cannot be supported (for temporary or permanent reasons) – e.g. MO-LR Short Circuit was initially agreed, but can no longer be supported or cannot be supported in the new PLMN – and the UE is unable to instigate the procedure in any other PLMN allowed when the procedure was originally started, the UE terminates the procedure and stops sending LCS MO-LR Invoke TTTP requests.

* * * End of 9th Change * * * *

* * * Start of 10th Change * * * *

9.1.12.4
UE cancellation of a Deferred Location Request – Periodic Location Event

Figure 9.15 illustrates the procedure for cancelling the Deferred Location Request for the periodic location event when cancellation is requested by the UE. If a network entity (e.g. H-GMLC, V-GMLC, SGSN/MSC) cancels the Deferred Location Request, the procedure in clause 9.1.12.3 for LCS Client cancellation shall be used to cancel towards the UE and the procedure in this clause shall be used to cancel towards the LCS Client.
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Figure 9.15: UE cancellation of a Deferred MT-LR for Periodic Location

1) to 2) If the UE is in idle mode, the UE requests a radio connection setup and sends a CM Service Request indicating a request for call independent supplementary service to the VMSC/MSC server via RAN (CS domain). If the UE is in dedicated mode, the UE sends a CM Service Request on the already established radio connection. The VMSC/MSC server instigates authentication and ciphering if the UE was in idle mode or returns a CM Service Accept if the UE was in dedicated mode.


For PS domain, in UMTS, if the UE is in idle mode, the UE requests a PS signalling connection and sends a Service Request indicating signalling to the SGSN via RAN. If the UE already has PS signalling connection, the UE does not need to send the Service Request. Security functions may be executed. These procedures are described in TS 23.060 [15]. In GSM this signalling step is not needed.

3)
The UE sends an LCS MO-LR Invoke to the VMSC/MSC Server (CS domain) or to the SGSN (PS domain) for cancellation of a transfer of location to a third party LCS client. This message includes the identity of the LCS client, the H-GMLC address, a termination cause (e.g. subscriber terminates the procedure) and the LDR Reference Number. The presence of the LDR Reference Number indicates that the cancellation is for a previously authorized periodic location request.

4) to 7) The cancellation request shall be transferred in succession from the MSC/SGSN to the V-GMLC, H‑GMLC, R‑GMLC serving the LCS client and finally may be transferred to the LCS client (e.g. if the LCS Client originated the periodic location request or was informed of a periodic location request originated by the UE as in clause 9.2.3).

8) to 11) The response transferred back to the MSC/SGSN acknowledges the cancellation.

12)
The MSC/SGSN returns the acknowledgment to the UE in a LCS MO-LR Return Result message.

13)
The UE may instigate release of the CM, MM/GMM and radio connections.

* * * End of 10th Change * * * *

* * * Start of 11th Change * * * *

9.2.2
Mobile Originating Location Request, Packet Switched (PS-MO-LR)

The following procedure shown in figure 9.8 allows an UE to request either its own location and optionally, velocity; location assistance data or broadcast assistance data message ciphering keys from the network. Location assistance data may be used subsequently by the UE to compute its own location throughout an extended interval using a mobile based position method. A ciphering key enables the UE to decipher other location assistance data broadcast periodically by the network. The PS‑MO‑LR may be used to request ciphering keys or GNSS assistance data. The procedure may also be used to enable an UE to request that its own location be sent to an external LCS client.


[image: image15.wmf] 

UE

 

RAN

 

SGSN

 

3

. Location Request

 

 

2

. Services Invoke

 

 

5

. Location Report.

 

 

 

LCS Client

 

6

. 

Subscriber Location Report

 

9

. Location Info

rmation

 

 

 

7

. MO

-

LR Location 

Information

 

1

0

. Location Information ack

 

11

. MO

-

LR Location 

Information

 

Ack

 

1

3

.

 

Subscriber Location Report ack.

 

4

. Messages for individual positioning 

methods

 

or transfer of location assistance 

data

 

 

1

. Service Request       

       

 

 

(Part of 1: Possible security procedures)

 

GMLC

 

HLR/HSS

 

V

-

GMLC

 

H

-

GMLC

 

8

. MO

-

LR Location 

Information

 

 

12

. MO

-

LR Location 

Information

 

Ack

 

1

4

. 

Service Response

 



Figure 9.8: General Network Positioning for packet switched MO-LR

9.2.2.1
Location Preparation Procedure

1)
In UMTS, if the UE is in idle mode, the UE requests a PS signalling connection and sends a Service request indicating signalling to the SGSN via the RAN. If the UE already has PS signalling connection, the UE does not need to send Service request. Security functions may be executed. These procedures are described in TS 23.060 [15]. In GSM this signalling step is not needed.

2)
The UE sends a LCS PS-MO-LR Location Services invoke message to the SGSN. Different types of location services can be requested: location estimate of the UE, location estimate of the UE to be sent to an external LCS client, location assistance data or broadcast assistance data message ciphering keys. If the UE is requesting its own location or that its own location be sent to an external LCS client, this message carries LCS requested QoS information (e.g. accuracy, response time, LCS QoS Class), the requested maximum age of location and the requested type of location (e.g. "current location", "current or last known location"). If the UE is requesting that its location be sent to an external 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. In addition, a Service Identity indicates which MO-LR service of the LCS Client is requested by the UE may be included. The message also may include a pseudonym indicator to indicate a pseudonym should be assigned by the network and transferred to the LCS Client as the UE's identity. If the UE 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 ciphering applies. For an LCS PS-MO-LR Location Services invoke, the SGSN shall assign a GMLC address, i.e. V-GMLC address, which is stored in the SGSN. If a V-GMLC address is not available, the SGSN may reject the location request. The SGSN verifies the subscription profile of the UE and decides if the requested service is allowed or not.

3)
In case the requested type of location is "current or last known location" and the requested maximum age of location information is sent from UE, the SGSN verifies whether it stores the previously obtained location estimate of the target UE. If the SGSN stores the location estimate and the location estimate satisfies the requested maximum age of location, this step and steps 4 and 5 may be skipped. Otherwise the SGSN sends a Location Request message to the RAN associated with the Target UE's location. The message indicates whether a location estimate or location assistance data is requested. If the UE's location is requested, the message also includes the requested QoS. If location assistance data is requested, the message carries the requested types of location assistance data. The message carries also location parameters received in the Service Invoke message.

9.2.2.2
Positioning Measurement Establishment Procedure

4)
If the UE is requesting its own location, the actions described in UTRAN Stage 2, TS 25.305 [1] or GERAN stage 2 TS 43.059 [16] are performed. If the UE is instead requesting location assistance data, the RAN transfers this data to the UE as described in subsequent clauses. The RAN determines the exact location assistance data to transfer according to the type of data specified by the UE, the UE location capabilities and the current cell.

9.2.2.3
Location Calculation and Release Procedure

5)
When a location estimate best satisfying the requested QoS has been obtained or when the requested location assistance data has been transferred to the UE, the RAN returns a Location Report to the SGSN with an indication whether the obtained location estimate satisfies the requested accuracy or not. 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 UE, a failure cause is included in the Location Report.

6)
If the location estimate was successfully obtained, the SGSN shall send a Subscriber Location Report to the V-GMLC assigned in the step 2, carrying the MSISDN/IMSI of the UE, the event causing the location estimate (PS-MO‑LR) and the location estimate, its age, obtained accuracy indication and the LCS QoS Class requested by the target UE. In addition, the Subscriber Location Report may include the pseudonym indicator, the identity of the LCS Client, the GMLC address and the Service Identity specified by the UE, if available.

7)
Upon receipt of the Subscriber Location Report, the V-GMLC shall determine whether the UE requests transfer of its location estimate to an external LCS Client. If the identity of the LCS Client is not available, this step and steps 8 to 12 are skipped. Otherwise, the V-GMLC shall send the MO-LR Location Information to the H-GMLC (the V-GMLC may query the HLR/HSS of the UE to obtain the address of the H-GMLC), carrying the MSISDN/IMSI of the UE, the event causing the location estimate (PS‑MO-LR), the location estimate and its age, and the identity of the LCS Client. The pseudonym indicator and/or the GMLC address specified by the UE may also be included if available.

8)
If the pseudonym indicator is included in the MO-LR Location Information, the H-GMLC assigns or asks the PMD to assign a pseudonym to the UE. If the identity of the LCS Client and the GMLC address access to the LCS Client are available, the H-GMLC shall send the MO-LR Location Information to the specified GMLC. If the identity of the LCS Client is available but the GMLC address access to the LCS Client is not available, the H-GMLC determines whether the specified LCS Client is accessible. If yes, the H-GMLC shall send the Location Information to the LCS Client, then the H-GMLC itself act as the specified GMLC, this step and step 11 are skipped. If not, according to the LCS Client identity, the H-GMLC shall determine a GMLC that can access the LCS Client, and send the MO-LR Location Information to the GMLC, carrying the MSISDN or the pseudonym of the UE, the identity of the LCS client, the event causing the location estimate (PS‑MO-LR), location estimate and its age.

9)
If the identified LCS Client is not accessible, this step and step 10 are skipped. Otherwise the GMLC transfers the location information to the LCS client, carrying the MSISDN/IMSI or the pseudonym of the UE, the event causing the location estimate (PS-MO‑LR), the Service Identity, if available, and the location estimate and its age, in accordance with the LCS QoS Class requested by the target UE. If the UE requested LCS QoS class was Assured, GMLC sends the result to the LCS client only if the result has been indicated to fulfil the requested accuracy. If the UE requested LCS QoS class was Best Effort, GMLC sends whatever result it received to the LCS client with an appropriate indication if the requested accuracy was not met.

10)
If the LCS Client does not support MO-LR (for temporary or permanent reasons) or can not handle the location estimate of the UE, e.g. the LCS Client does not know the Service Identity, or the UE does not register to the LCS Client, the LCS Client have no corresponding data of the UE, the LCS Client shall return the Location Information ack message to the GMLC or the H-GMLC (in case the LCS Client received Location Information is sent from H-GMLC) with a suitable error cause. Otherwise, the LCS Client handles the location estimate according to the Service Identity, sends the GMLC or the H-GMLC the Location Information ack message signalling that the location estimate of the UE has been handled successfully.

11)
If the identified LCS Client is not accessible, the GMLC sends MO-LR Location Information Acknowledgement to the H-GMLC with an appropriate error cause. Otherwise, the GMLC shall send MO-LR Location Information Acknowledgement to the H-GMLC. The message shall specify whether the location estimate of the UE has been handled successfully by the identified LCS Client, and if not, the corresponding error cause obtained in step 10. The GMLC may record charging information both for the LCS Client and inter-operator revenue charges.

12)
In case the H-GMLC receives the MO-LR Location Information Acknowledgement from the GMLC, it shall forward the MO-LR Location Information Acknowledgement from the GMLC to the V-GMLC, and record charging information both for the UE and inter-working revenue charges.


In case the H-GMLC receives the Location Information Acknowledgement from the LCS Client, it shall send MO-LR Location Information Acknowledgement to the V-GMLC. The message shall specify whether the location estimate of the UE has been handled successfully by the identified LCS Client, and if not, the corresponding error cause obtained in step 10. The H-GMLC shall record charging information both for the UE and inter-working revenue charges.

13)
In case the V-GMLC receives the MO-LR Location Information Acknowledgement from the H-GMLC, the V-GMLC shall record charging information both for the UE and inter-working revenue charges and send the Subscriber Location Report Acknowledgement to the SGSN, carrying the information specifies whether the location estimate of the UE has been handled successfully by the identified LCS Client, and if not success, the corresponding error cause obtained in step 12.


In case the V-GMLC receives the Subscriber Location Report from the SGSN and it is not required to send to any LCS Client, the V-GMLC shall record charging information for the UE and response the Subscriber Location Report Acknowledgement to the SGSN.

14)
The SGSN returns a Service Response message to the UE carrying any location estimate requested by the UE including the indication received from RAN whether the obtained location estimate satisfies the requested accuracy or not, ciphering keys or an indicator whether a location estimate was successfully transferred to the identified LCS client. If the location estimate was successfully transferred to the identified LCS Client, the Service Response message shall specify whether the location estimate of the UE has been handled successfully by the identified LCS Client, and if not, the corresponding error cause obtained in step 13. The SGSN may record charging information.

* * * End of 11th Change * * * *

* * * Start of 12th Change * * * *

9.2.6
Mobile Originating Location Request, EPC (EPC-MO-LR)

The following procedure shown in figure 9.8d allows an UE to request either, its own location and optionally, velocity or location assistance data. Location assistance data may be used subsequently by the UE to compute its own location throughout an extended interval using a mobile based position method. The EPC MO LR may be used to request GNSS assistance data. The procedure may also be used to enable an UE to request that its own location be sent to an external LCS client.
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Figure 9.8d: General Network Positioning for packet switched MO-LR

9.2.6.1
Location Preparation Procedure

1)
 If the UE is in ECM-IDLE state, the UE performs a UE triggered service request as defined in TS 23.401 [41] in order to establish a signalling connection with the MME and assign a specific eNodeB.

2)
 The UE sends a NAS PDU containing an MO-LR Request inside an RRC UL Information Transfer message to the eNodeB. The MO-LR Request may optionally include an LPP positioning message. The eNodeB forwards the MO-LR Request (including any embedded LPP message) to the MME inside an S1AP Uplink NAS Transport message. Different types of location services can be requested: location estimate of the UE, location estimate of the UE to be sent to an external LCS client or location assistance data. If the UE is requesting its own location or that its own location be sent to an external LCS client, this message carries LCS requested QoS information (e.g. accuracy, response time, LCS QoS Class), the requested maximum age of location and the requested type of location (e.g. "current location", "current or last known location"). If the UE is requesting that its location be sent to an external 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. In addition, a Service Identity indicates which MO-LR service of the LCS Client is requested by the UE may be included. The message also may include a pseudonym indicator to indicate a pseudonym should be assigned by the network and transferred to the LCS Client as the UE's identity. If the UE is instead requesting location assistance data, the embedded LPP message specifies the type of assistance data and the positioning method for which the assistance data applies. For an LCS EPC-MO-LR requesting location transfer to an external LCS Client, the MME shall assign a GMLC address, i.e. V-GMLC address, which is stored in the MME. If a V-GMLC address is not available, the MME may reject the location request. The MME verifies the subscription profile of the UE and decides if the requested service is allowed or not.

3)
The MME selects a E-SMLC as described in clause 6.3.13 and sends a Location Request message to the selected E-SMLC. The Location Request message conveys any embedded LPP message in the MO-LR Request. Once an MME has selected an E-SMLC it must continue to use that E-SMLC for the duration of the session. The Location Request message indicates whether a location estimate or location assistance data is requested. If the UE's location is requested, the message also includes the requested QoS. If location assistance data is requested, the embedded LPP message will convey the requested types of location assistance data. The message carries also other location parameters received in the MO-LR Request message, the current cell identity obtained from S1-AP message that carries the NAS MO-LR Request, and the UE capability to support LPP.

9.2.6.2
Positioning Measurement Establishment Procedure

4)
If the UE is requesting its own location, the actions described in clause 9.3a are performed. If the UE is instead requesting location assistance data, the E-SMLC transfers this data to the UE as described in clause 9.3a.1. The E-SMLC determines the exact location assistance data to transfer according to the type of data specified by the UE, the UE location capabilities and the current cell.

9.2.6.3
Location Calculation and Release Procedure

5)
When a location estimate best satisfying the requested QoS has been obtained or when the requested location assistance data has been transferred to the UE, 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 if this was obtained. If a location estimate was not successfully obtained, or if the requested location assistance data could not be transferred successfully to the UE, a failure cause is included in the Location Response.

6)
If the UE did not request transfer of its location to an external LCS Client in step 2, steps 6 to 13 are skipped. Otherwise, if the location estimate was successfully obtained, the MME shall send a Subscriber Location Report to the V-GMLC assigned in the step 2, carrying the MSISDN/IMSI of the UE, the event causing the location estimate (EPC-MO LR) and the location estimate, its age, obtained accuracy indication and the LCS QoS Class requested by the target UE. In addition, the Subscriber Location Report may include the pseudonym indicator, the identity of the LCS Client, the GMLC address and the Service Identity specified by the UE, if available.

7)
This step is the same as step 7 for a PS-MO-LR in clause 9.2.2.3 .

8)
This step is the same as step 8 for a PS-MO-LR in clause 9.2.2.3.

9)
 This step is the same as step 9 for a PS-MO-LR in clause 9.2.2.3.

10)
This step is the same as step 10 for a PS-MO-LR in clause 9.2.2.3.

11)
.This step is the same as step 11 for a PS-MO-LR in clause 9.2.2.3.

12)
.This step is the same as step 12 for a PS-MO-LR in clause 9.2.2.3.

13)
If the V-GMLC receives the MO-LR Location Information Acknowledgement from the H-GMLC, the V-GMLC shall record charging information both for the UE and inter-working revenue charges and send the Subscriber Location Report Acknowledgement to the MME, carrying the information specifies whether the location estimate of the UE has been handled successfully by the identified LCS Client, and if not success, the corresponding error cause obtained in step 12.


If the V-GMLC receives the Subscriber Location Report from the MME and it is not required to send to any LCS Client, the V-GMLC shall record charging information for the UE and response the Subscriber Location Report Acknowledgement to the MME.

14)
The MME returns a NAS MO-LR Response message to the UE carrying any location estimate requested by the UE including the indication received from E-SMLC whether the obtained location estimate satisfies the requested accuracy or not, or an indicator whether a location estimate was successfully transferred to the identified LCS client. If the location estimate was successfully transferred to the identified LCS Client, the MO-LR Response message shall specify whether the location estimate of the UE has been handled successfully by the identified LCS Client, and if not, the corresponding error cause obtained in step 13. The MME may record charging information.

* * * End of 12th Change * * * *

* * * Start of 13th Change * * * *

7.7
SLg Interface

SLg is the interface that is used by the GMLC to convey a location request to the MME currently serving a particular target UE whose location was requested. The interface is also used by the MME to return location results to the GMLC.
* * * End of 13th Change * * * *
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