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1. Introduction
In the current specification, some network nodes (MSC/SGSN) may store location information of UEs as the last known location and the network returns the last known location information to LCS clients if the network failed to obtain the current location information of the target UE and the location type of the request from LCS clients is “current of last known”. 

On the other hand, some location based services do not always need the current location information but need the location information which was obtained in the last certain period. For example, the local weather information delivery service needs the location information which was obtained in the last 5 or 10 minutes. For such time non-sensitive location based services, the last known location information may be enough. Therefore it is valuable to introduce a mechanism to return the last known location to the LCS client when the client requests the last known location with information of requested location age and the age of the last known location meets the requested location age.

Furthermore, in Rel-6 LCS, location requests and responses always have to pass through H-GMLC of the target UE. So, if the H-GMLC stores last known location information and returns the information as the response for the location request, the signalling of the core network and the radio access network can be reduced. However, it must be noted, even if the last known location satisfies the requested age of location and can be returned to the LCS client, the privacy check procedure shall be performed. Therefore it shall be possible for H-GMLC to request VPLMN to perform the privacy check related action (i.e. on-going call/session check and/or notification/verification procedures).

In this paper following three new functions which realize the reuse of the previously obtained location information are introduced. 

· Function 1: This function enables the reuse of the previously obtained location information stored in H-GMLC, when the H-GMLC receives a location request from an LCS client by the MT-LR procedures.

· Function 2: This function enables the reuse of the previously obtained location information stored in MSC/SGSN, when the MSC/SGSN receives a location request from an LCS client by the MT-LR procedures.

· Function 3: This function enables the reuse of the previously obtained location information stored in MSC/SGSN, when the MSC/SGSN receives a location request from a UE by the MO-LR procedures.

2. Discussion

2.1. Common parameters and procedures

The common new parameters which are required to realize these three functions are;

· “last known or current”, as a new requested type of location.

· “requested age of location”, as a new requested QoS parameter.

In the current specifications, TS23.271 and TS29.002, “current location”, “current or last known location”, “initial location” and “deferred location” can be defined as the requested type of location. If MSC/SGSN is failed to obtain the current location of the target UE and the requested type of location is “current of last known”, MSC/SGSN may return the last known location of the target UE. (See TS23.271 Chapter 9.1.2.3 step 9, Chapter 9.1.6.3 step 10).

In this proposal, “last known or current location” is introduced as a new parameter for the requested type of location. A network node, which receives this type as requested type of location from an LCS client or a UE, first verifies whether it stores the previously obtained location estimate of the target UE. If the network node stores the previously obtained location estimate the network node does not request RAN the estimation of the current location of the target UE and returns the previously obtained location estimate to the LCS client or the UE. 

“requested age of location” is also introduced as a new parameter of the requested QoS. This parameter indicates requested age of location estimate, like “in 5 minutes” or “in 10 minutes”. When the network node which receives “last known or current” as requested type of location from an LCS client or a UE stores the previously obtained location estimate of the target UE, the network node verifies whether the age of the previously obtained location estimate satisfies the “requested age of location” and other QoS parameters. If the location estimate satisfies the requested QoS, the network node returns it to the LCS client or the UE. If the location estimate does not satisfy the requested QoS, the network node requests RAN the estimation of the current location of the target UE. The parameter for the same purpose has already defined in LIF MLP v3.0.0 as “max_loc_age”.

2.2. Function 1: For MT-LR; the location estimate is stored in H-GMLC

This section describes the reuse mechanism for MT-LR when H-GMLC stores the location estimates. 

In this case, it shall be possible that H-GMLC requests VPLMN to perform the notification/verification procedures. In order to realize this, the new parameter, “no location estimation indicator”, is added to the PROVIDE_SUBSCRIBER_LOCATION request message. When an MSC/SGSN receives this parameter, the MSC/SGSN does not send Location Request message to RAN but only performs the privacy check related action (i.e. check of on-going call/session and notification/verification procedures). 

The detail procedures are as follows;

1. After the privacy check procedures, H-GMLC which receives a location request from an LCS client with the requested location type of ”last known or current location” verifies whether it stores the previously obtained location estimate of the target UE.

2. If the H-GMLC stores the location estimate, the H-GMLC verifies whether the location estimate satisfies requested QoS (e.g. accuracy and/or requested age of location). In case the location estimate does not satisfy the requested QoS, H-GMLC sends a normal location service request message to MSC/SGSN or V-GMLC.

3. In case the location estimate satisfies the requested QoS, H-GMLC checks the result of the privacy check. If the notification/verification procedure at MSC/SGSN is not required, H-GMLC returns the location estimate to the LCS client or R-GMLC. Otherwise, H-GMLC sends PROVIDE_SUBSCRIBER_LOCATION request message MSC/SGSN with the “no location estimation indicator”. The PSL message may be sent from V-GMLC.

4. The MSC/SGSN which receives the PSL message checks on-going call/session and performs the notification/verification procedure. Then the MSC/SGSN returns H-GMLC/V-GMLC the result of the notification/verification procedure. The MSC/SGSN does not send Location Request message to RAN. 

2.3. Function 2: For MT-LR; the location estimate is stored in MSC/SGSN

This section describes the reuse mechanism for MT-LR when MSC/SGSN stores the location estimates. 

The detail procedures are as follows;

1. After the privacy check procedures, MSC/SGSN which receives a location request from H-GMLC/V-GMLC with the requested location type of ”last known or current location” verifies whether it stores the previously obtained location estimate of the target UE.

2. If the MSC/SGSN stores the location estimate, the MSC/SGSN verifies whether the location estimate satisfies requested QoS (e.g. accuracy and/or requested age of location). In case the location estimate does not satisfy the requested QoS, MSC/SGSN sends a normal Location Request message to RAN.

3. In case the location estimate satisfies the requested QoS, MSC/SGSN does not send Location Request message to RAN and it returns the H-GMLC/V-GMLC the previously obtained location estimate. 

2.4. Function 3: For MO-LR; the location estimate is stored in MSC/SGSN

This section describes the reuse mechanism for MO-LR when MSC/SGSN stores the location estimates. 

1. UE includes the parameters of ”last known or current location” and “requested age of location” into the Location Service Invoke message to MSC/SGSN. 

2. After the privacy check procedures, the MSC/SGSN which receives a location request from the UE with the requested location type of ”last known or current location” verifies whether it stores the previously obtained location estimate of the target UE.

3. If the MSC/SGSN stores the location estimate, the MSC/SGSN verifies whether the location estimate satisfies requested QoS (e.g. accuracy and/or requested age of location). In case the location estimate does not satisfy the requested QoS, MSC/SGSN sends a normal Location Request message to RAN.

4. In case the location estimate satisfies the requested QoS, MSC/SGSN does not send Location Request message to RAN and it returns the UE the previously obtained location estimate. 

2.5. Summary of necessary changes 

The summary of necessary changes on each interface and nodes are shown in Table 1 and 2. 

Table 1: New parameters for each interface.

	
	Le
	Lr
	Lg
	MSC/SGSN - UE

	Function 1
	”requested age of location” shall be added to requested QoS parameters.

	
	”last known or current location” shall be added to the requested type of location.

	
	
	“no location estimation indicator“ shall be added.
	

	Function 2
	”requested age of location” shall be added to requested QoS parameters.

	
	”last known or current location” shall be added to the requested type of location.

	Function 3
	
	
	
	”requested age of location” shall be added to requested QoS parameters.

	
	
	
	
	“requested type of location” shall be added to the Location Service Invoke message


Table 2: New procedures for each node.

	
	GMLC
	MSC/SGSN
	UE

	Function 1
	Store location estimate.
	Skip Location Request procedure to RAN when “no location estimation indicator“ is received from GMLC.
	

	
	Verify whether the previous obtained location estimate can be reused.
	
	

	
	Send “no location estimation indicator “ to MSC/SGSN when the previous obtained location estimate can be reused. 
	
	

	Function 2
	
	Verify whether the previous obtained location estimate can be reused.
	

	
	
	Skip Location Request procedure to RAN when the previous obtained location estimate can be reused.
	

	Function 3
	
	Verify whether the previous obtained location estimate can be reused.
	Send parameters of ”requested age of location” and “requested type of location”

	
	
	Skip Location Request procedure to RAN when the previous obtained location estimate can be reused.
	


3. Proposal

NEC would like to propose to introduce the reuse mechanism of the previously obtained location estimate in order to reduce signalling traffic, response time and location estimation load at RAN/UE. Proposed changes for TS23.271 v6.1.0 are shown in S2-02XXXX. 
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