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1. Introduction

1.1 Overview
In the current TS 23.271 clause 6.3.3, it states”The Gateway Mobile Location Center (GMLC) contains functionality required to support LCS. In one PLMN, there may be more than one GMLC.”
In the same clause, the following definitions of the R-GMLC, H-GMLC and V-GMLC are given:
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. 

Combining the above statements and definitions, we may assume three different PLMNs: Requesting PLMN, Home PLMN, and Visited PLMN as shown in Figure 1.1.
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Figure 1.1: Assumed GMLCs framework in the R-PLMN, H-PLMN and V-PLMN
For the Change of Area Event Location Service, when the current visited PLMN doesn’t serve the target area, a PLMN or multiple PLMNs that cover the target area shall be involved. In this case, the previous figure could be changed as shown in Figure 1.2. For clarity’s sake, we called these PLMN networks “Target PLMN”.
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Figure 1.2: Assumed GMLC framework in the R-PLMN, H-PLMN, V-PLMN, and T-PLMN
Note: In the figure 1.2, the target area is covered both by Target PLMN A and Target PLMN B.
1.2 Potential problems
When the Operator builds more than one GMLC in a PLMN and the LCS capabilities of the GMLCs are not same, there are some problems in the current Change of Area Event procedure as specified in TS 23.271 V 6.4.0. 
Problem 1: In step 2, when the H-GMLC notices that the current visited PLMN does not serve the target area, it may generate a modified deferred LCS service request in order to be notified when the target UE enters a PLMN that serves the target area. After the notification, the H-GMLC downloads the original change of area event to the target UE via the current visited PLMN. 

But in some cases, this mechanism is insufficient. In an actual PLMN, different entities have various LCS capabilities, i.e. some MSC/SGSNs and associated GMLCs support change of area event LDR while others don’t. So when the target UE enters into the Target PLMN, the target UE detects that the modified change of area event occurred and sends the report to notifiy the H-GMLC. However if the current serving node or the associated GMLC doesn’t support the change of area event LDR, this report will be discarded, and the H-GMLC won’t get the notification. Consequently, the original request will remain pending and be invalid when its validity time expires. In this case, the original request always fails. Figure1.3 shows this problem more clearly.
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Figure 1.3: An example showing problem 1
Problem 2: Even if the original change of area event LDR can be downloaded to the target UE, there can be problems if the current serving MSC/SGSN that covering the target area or its associated GMLC doesn’t support the change of area event LDR. In these situations, step 13 of the change area event LDR procedure states that “when the MSC/SGSN receives an LCS Area Event Report from the UE but the MSC/SGSN doesn’t support the Change of Area Event LDR, the MSC/SGSN will send a Subscriber Location Report message to the V-GMLC with an error cause”, and in step 14, “if the V-GMLC doesn’t support the Change of Area Event LDR, the V-GMLC will send a LCS Service Response to the H-GMLC with an error cause”. 
In these two cases, the Change of Area Event LDR is terminated near the end of the procedure, a lot of resources are consumed, and the procedure is inefficient. Figure 1.4 shows this problem more clearly.
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Figure 1.4: An example showing problem 2
2. Discussion

2.1 Solution 
To solve these problems, Huawei believe that additional handling in the H-GMLC should be added in the step 2 of the Change of Area Event LDR procedure. When the H-GMLC receives the LCS Service Request from the R-GMLC and notices the request is a change of area event LDR, according to the country code of the target area and the target area in the area event request, the H-GMLC should determine the T-GMLC address, generate a Target Area Convert Request, and send it to the T-GMLC. In the Target Area Convert Request, the target area, Indication for required LCS capability of the destination LCS server, and the LDR reference number should be included.
Upon reception the Target Area Convert Request, the T-GMLC converts the target area into an Area Definition consisting of the corresponding list of cell identities, location areas or routing area. Then T-GMLC sends a Target Area Convert Response to the H-GMLC, including the LCS capabilities of the MSC/SGSN covering the target area and associated GMLC. If the T-GMLC is not able to translate the target area into network identities, it rejects the request and sends a Target Area Convert Response to the H-GMLC with the appropriate error cause.
Knowing the LCS capabilities of the MSC/SGSN covering the target area and associated GMLC, the H-GMLC can determine whether the subsequent procedure should be continued or not. If the subsequent procedure should be continued, the H-GMLC forwards the LCS Service Request to the V-GMLC with the Area Definition. Otherwise, the H-GMLC sends the LCS Service Response to the R-GMLC with a suitable error cause.
2.2 Proposed change of area event procedure 
Figure 2.1 shows the general change of area event procedure with H-GMLC query process. In this figure, “T-GMLC” means Target GMLC, which is resident in the Target PLMN and associated with the MSC/SGSN covering the target area.
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Figure 2.1: H-GMLC additional handling in Change of Area Event LDR procedure
1) The LCS Client sends a change of area event LDR to the R-GMLC. The country code of the target area should be included in the request;
2) After the R-GMLC obtains the address of the H-GMLC, it forwards the request to the H-GMLC;
3) H-GMLC performs the privacy check basing on the target UE’s privacy profile;

4) The H-GMLC notices the request is a change of area event LDR. According to the country code of the target area and the target area in the area event request, the H-GMLC should determine the T-GMLC address, generate a Target Area Convert Request, and send it the T-GMLC. In the Target Area Convert Request, the target area should be included. In addition, the indication of required LCS capability and the LDR reference number also should be included. This request may be sent to more than one T-GMLC of different T-PLMNs.
5) If the T-GMLC doesn’t support the change of area event LDR, it can’t recognise the Target Area Convert Request message, so H-GMLC doesn’t receive an acknowledgement, after a speicified time expired, the H-GMLC returns the LCS Service Response to the R-GMLC with a suitable error cause. 
If the T-GMLC can’t convert the target area into an Area Definition consisting of the corresponding list of cell identities, location areas or routing area, it sends a Target Area Convert Response to the H-GMLC with an appropriate error cause. Otherwise, the T-GMLC sends a Target Area Convert Response to the H-GMLC with the converted target area expressed by the Area Definition.
6) According to the LCS capabilities of the MSC/SGSN covering the target area and associated GMLC, the H-GMLC determines whether the subsequent procedure should be continued or terminated. If the subsequent procedures are to be continued, the H-GMLC forwards the LCS Service Request to the V-GMLC with the Area Definition. Otherwise, the H-GMLC sends the LCS Service Response to the R-GMLC with a suitable error cause. 
7) The V-GMLC sends the Area Definition to MSC/SGSN in the Provide Subscriber Location request.
8) The MSC/SGSN sends the LCS Area Event Invoke to the UE via the RAN.
9) The subsequent procedures are same to the procedure described as Clause 9.1.9…
To avoid too often the target UE compares the Area Definition with the current cell identity or location area or routing area when location update occurs in the PLMN that doesn’t serve the target area, a restriction should be added to the UE so that it only performs this comparison when it is attached in the target PLMN. 
3. Conclusion
As described in section 1 above, there are sume problems with the current change of Area Event LDR Procedure defined in TS 23.271 V6.4.0. In section 2, we describe how to modify the current change of area event to solve the identified problems. The corresponding CR is in S2-032987.
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