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1. Introduction

For the combined MME-SGSN node, it is possible to optimize the LCS procedures by avoiding number of request/responses between GMLC and SGSN/MME. Besides, for the ISR case, the paging can also be avoided. This discussion paper provides the call flows for following two scenarios:

· Existing LCS procedure without support of combined MME-SGSN in clause 2. 

· LCS procedure when the network (GMLC, HSS, SGSN, MME nodes) supports "Optimized LCS call flows for combined MME-SGSN" in clause 3.
We have considered MT-LR procedures (i.e. EPC-MT-LR or PS-MT-LR) for the above call flows.

Besides, the changes required for various interfaces for supporting "Optimized LCS call flows for combined MME-SGSN" are also identified in clause 4. 

Finally, we propose to conclude on various aspects in clause 5 to introduce the support for "Optimized LCS procedures for combined MME-SGSN".
2. LCS Call flows without the support for Combined MME-SGSN
2.1 Assumptions
Following assumptions are made for the call flows:
· The UE has performed procedure (e.g. attach) in E-UTRAN followed by procedure in GERAN/UTRAN (e.g. RAU). And hence the HSS has stored the identity of the MME as well as the SGSN for the given UE.

· The UE is currently latched on to GERAN/UTRAN RAT and hence served by the SGSN.
2.2 MT-LR Procedure 
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1/ The GMLC sends LCS-Routing-Request message to HSS to retrieve the serving node addresses for the given UE. Since the UE is registered with MME as well as SGSN, the HSS returns both the node's address in the response message.

2/ Based on the local policy at the GMLC, the GMLC first selects MME for MT-LR procedure and sends Provide Subscriber Location Request message to the MME.

A. ISR Inactive:

3/ Since the ISR is not active and the UE is not currently registered with MME, the MME immediately sends Provide Subscriber Location Ack message with error code "User Unknown".

4/ Now the GMLC select SGSN for MT-LR procedure and sends Provide Subscriber Location Request message to the SGSN. 

5/ Since the UE is registered under the SGSN, the SGSN performs positioning procedures and returns the "Location Estimate" to the GMLC in Provide Subscriber Location Ack message.

B. ISR Active:

3/ Since the ISR is active, the UE is registered under MME as well as under SGSN. The MME performs paging procedure but since the UE is currently latched onto the GERAN/UTRAN, the paging fails. Subsequently, the MME sends Provide Subscriber Location Ack message with error code "User Unreachable".

4/ Now the GMLC select SGSN for MT-LR procedure and sends Provide Subscriber Location Request message to the SGSN. 

5/ Since the UE is registered under the SGSN, the SGSN performs positioning procedures and returns the "Location Estimate" to the GMLC in Provide Subscriber Location Ack message.

2.3 Points to Ponder
· When ISR is not active, the call flows result into extra request/response messaging (in step 2, A.3) between the GMLC and MME. 

· When ISR is active, the call flows result into extra request/response messaging (in step 2, B.3) as well as unnecessary paging (in step B.3). 
On failed paging, the MME returns "User Unreachable" error code to GMLC. Since this is transient error code and since the GMLC is not aware about the ISR status of the UE, the GMLC may retry the same procedure towards the MME at later point of time, instead of trying the procedure towards the SGSN. Thus, the call flow may result into multiple failed paging attempts.
3. Optimized LCS Call flows with the support for Combined MME-SGSN
3.1 Assumptions

Following assumptions are made for the call flows:
· The UE has performed procedure (e.g. attach) in E-UTRAN followed by procedure in GERAN/UTRAN (e.g. RAU). And hence the HSS has stored the identity of the MME as well as the SGSN for the given UE.

· The UE is currently latched on to E-UTRAN or GERAN/UTRAN RAT and hence served by the MME or SGSN.

· The SGSN and GMLC supports Lgd interface.

3.2 MT-LR Procedure 
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1/ While sending the Update Location Request message, the combined MME-SGSN node sets "Combo node with Optimized LCS Support" to indicate the support for optimized LCS procedure for the combined node. The HSS supporting this indicator stores the same.

2/ The GMLC sends LCS-Routing-Request message to HSS to retrieve the serving node addresses for the given UE. Since the GMLC supports LCS procedure for combined MME-SGSN, it sets "Combo node Supported" indicator. 

3/ Since the UE is registered with MME as well as SGSN, the HSS returns both the node's address in the LCS-Routing-Info Answer message. Additionally, since the UE is registered with the combined MME-SGSN, which supports optimized LCS procedure and since the GMLC has set the "Combo node Supported", the HSS sets the "Combo node indicator" indicating that the MME-SGSN are combined nodes and supports optimized LCS procedure.
ISR Inactive or Active:

4/ For MT-LR procedure, GMLC sends Provide Subscriber Location Request message towards the combined node and sets "Optimized LCS Supported" indicator. Based on the current RAT of the UE, the SGSN or MME part of the combined MME-SGSN node performs the positioning procedure to retrieve the location estimate. 
When ISR is active, the combined MME-SGSN node will intelligently page in the RAT where the UE is currently latched on. And hence, unnecessary paging procedure is avoided.

5/ The combined MME-SGSN returns "Location Estimate" of the UE within Provide Subscriber Location Ack message.

3.3 Points to Ponder
· The call flows result into optimized and efficient LCS procedures between GMLC and combined MME-SGSN, irrespective of the state of the ISR.

· If paging is needed, it is only performed in the RAT where the UE is currently latched on. Thus, efficient use of radio resources are ensured and unnecessary paging is avoided. 

4. Protocol Changes for supporting LCS procedures for Combined MME-SGSN
Following are the possible changes to existing procedures for supporting the LCS procedures for combined MME-SGSN
· During HSS registrations procedure, combined node indicates the support for optimized LCS procedures via new indicator "Combo node with optimized LCS Support".

Expected changes to 3GPP TS 29.272.

· While querying the HSS, the GMLC indicates support for LCS procedure for combined node via new indicator "Combo node Supported".

While responding to GMLC, the HSS indicates if the combined MME-SGSN supports optimized LCS procedure or not via new indicator "Combo node Indicator".

Expected changes to 3GPP TS 29.173.

· While sending the Provide Subscriber Location Request procedure, the GMLC sets new indicator "Optimized LCS Supported" to allow the combined MME-SGSN to use optimized LCS procedures.
Expected changes to 3GPP TS 29.172.

5. Architecture Impact for supporting LCS procedures for Combined MME-SGSN

Currently, the HSS already supports optimized "Subscriber Data Handling" procedures towards the combined MME-SGSN node. Please refer to the following text from 3GPP TS 29.272 sec. 5.2.2:

If the HSS knows that the UE has attached to the same combined MME/SGSN via both the E-UTRAN and UTRAN/GERAN, i.e. the HSS has received the Update Location Request over both the S6a interface and S6d interface respectively with the same SGSN number, the HSS should invoke this procedure for a single time to update and/or request certain user data in the combined MME/SGSN, i.e. the HSS should not invoke this procedure for each of the MME and the SGSN registered respectively.
As indicated above, when the subscription information changes, the HSS sends only one "Insert Subscriber Data" message towards the combined MME-SGSN. Then internally, the combined MME-SGSN applies the procedure to the MME part of the node as well as to the SGSN part of the node. If the UE is currently served by the MME part of the node, E-UTRAN related procedure is executed, as needed. Similarly, if the UE is currently served by the SGSN part of the node, UTRAN/GERAN related procedure is executed, as needed.
Further, for the location reporting procedures between combined MME-SGSN and HSS, following is mentioned:

When receiving the IDR-Flags with the "EPS User State Request" bit and/or "EPS Location Information Request" bits set the MME or SGSN shall return the corresponding user information to the HSS. If the serving node is a combined MME/SGSN, and the UE is attached via both E-UTRAN and UTRAN/GERAN on the same node, the combined MME/SGSN shall provide the corresponding user information relevant for both MME and SGSN. If the Current Location Request bit was also set and the UE is in idle mode, then the MME or SGSN or combined MME/SGSN shall page the UE in order to return the most up-to-date corresponding user information. If the Current Location Request bit was also set and the UE (attached via E-UTRAN) is in connected mode, then the MME or combined MME/SGSN shall use S1AP Location Reporting Control procedure towards the eNB prior to reporting the E-UTRAN Cell Global Identification in order to return the UE's most up-to-date cell information.
These procedures for combined MME-SGSN already exist in stage 3 specifications, currently.

Based on the above, it can be concluded that the optimized procedures (HSS related or LCS related) for the combined MME-SGSN is an implementation variant and not any 3GPP architectural change. 

6. Conclusion

Based on this discussion paper, it is proposed that CT4 concludes on the following aspects:

1. Based on clause 3, the "Optimized LCS procedures for combined MME-SGSN" can avoid unnecessary signalling in the network (e.g. between MME and GMLC or between SGSN and GMLC). Additionally, when ISR is active, this procedure can save radio resources by avoiding one or multiple attempts of the unnecessary paging procedure.

2. Based on clause 4, it is possible to define a solution to introduce the support for the "Optimized LCS procedures for combined MME-SGSN" such that:

a. The network falls back to existing procedure (i.e. clause 2) if one or more nodes in the network do not support the optimized procedure (i.e. clause 3). Thus, LCS functionality is not impacted.
b. No new interface or signalling is introduced.

3. Based on conclusion 1, 2, the support for "Optimized LCS procedures for combined MME-SGSN" should be added.
4. Based on clause 5, the "Optimized LCS procedures for combined MME-SGSN" should be considered as implementation variant and not any 3GPP architectural related change. Accordingly, stage 3 should be in-charge to decide the support of these procedures.
