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1. Introduction
Lg interface has been defined (MAP based interface; [2]) between GMLC and MSC in the CS domain and between GMLC and SGSN in the PS domain. During the initial design of Evolved Packet System (EPS), a new non-MAP (DIAMETER) based interface got defined between EPS PS domain control plane entity namely MME and GMLC – termed as SLg interface ( [3]). At that time, Stage 2 had decided to continue supporting MAP-based Lg interface on SGSN for both Gn/Gp and S4- case. 

This paper highlights a few advantages of having single DIAMETER based interface between GMLC and SGSN/MME for Location Services. In case SA2 sees value in such harmonization then :
· a list of potential changes is provided (although some of these changes may be better discussed under the perjury of Stage 3 groups like CT4).
· [bookmark: _GoBack]A new SID/WID/CR can be brought to the next meeting for starting work on DIAMETER-based interface between SGSN and GMLC.

2. Background
Location Services (LCS) feature in GSM, UMTS and EPS (for E-UTRAN) provides the mechanisms to support mobile location services for operators, subscribers and third party service providers.

The location information may be requested by and reported to a client (application) associated with the Mobile Station (MS) / User Equipment (UE), or by a client within or attached to the Core Network. The position information shall be reported in standard, i.e. geographical co-ordinates, together with the time-of-day and the estimated errors (uncertainty) of the location of the UE.

The Location Information is meant to be used for charging, location based services, lawful interception, and emergency calls, etc., as well as the positioning services provided by Access Network.

	Figure 1: General arrangement of LCS
2. 
2.1. Functionality of Location Service Entities
· The operation begins with LCS Client requesting location information for a MS/UE from the LCS server.
· The LCS server will pass the request to the LCS functional entities in the core network.
· The LCS functional entities in the core network shall then:
· Verify that the LCS Client is authorized to request the location of the UE or subscriber;
· Verify that LCS is supported by the UE;
· Establish whether it is allowed to locate the UE or subscriber, for privacy or other reasons;
· Establish which network element in the Access Network for GERAN or UTRAN, or EPC for E-UTRAN, should receive the Location request;
· Request the Access Network (via the A, Gb or Iu interface) for GERAN or UTRAN, or the E-SMLC (via the SLs interface) for E-UTRAN, to provide location information, with indicated QoS; The Access Network functional entities shall determine the position of the UE according to TS 36.305 for E-UTRAN, TS 25.305 for UTRAN and TS 43.059 for GERAN.
· Receive location information from the Access Network/E-SMLC and forward it to the Client;
· Send appropriate accounting information to an accounting function.
1. 
2. 
1. 
2.2. The Gateway Mobile Location Centre (GMLC)
GMLC is contains functionality required to support LCS. A GMLC is the first node an external LCS client accesses in a PLMN. 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 VMSC, SGSN, MSC Server or MME and receives final location estimates from the corresponding entity via the Lg or SLg interface.
These requests can be “immediate” (location informed will be returned immediately) or “deferred” (location information will be returned upon requested event) location requests. 
[image: ]
Figure 2: Mobile Terminating Location Request
2.3. Network Induced Location Requests
An initially idle UE requests radio connection setup indicating a request for an Emergency Service call to the VMSC/MSC server via RAN. 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 detecting an emergency situation (i.e. after emergency Attach, UE requested emergency PDN Connectivity), the MME may initiate the EPC Network Induced Location Request (EPC-NI-LR) procedure.
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Figure 3: Network Induced Location Requests
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Figure 4: Mobile Originating Location Request
3. Advantages of having singe DIAMETER based interface between GMLC and MME/SGSN
Lg interface has been defined (MAP based interface; [2]) between GMLC and MSC in the CS domain and between GMLC and SGSN in the PS domain. SLg interface has been defined (DIAMETER based interface; [3]) between GMLC and MME. Following are some of the advantages of having single DIAMETER based interface

· Having a DIAMETER based interface between GMLC and SGSN will 
· Lower operational expense and hence TCO for OpCos in the long run.
· Reduce the dependence on legacy SS7 Network.
Otherwise, operators have to support legacy SS7/MAP e.g on S4-SGSN even after migrating to all IP EPC core.

· Optimized signaling when ISR is active between a co-located MME/SGSN;
If ISR is active for LTE access, currently, the V-GMLC receives both an SGSN and MME address. The V-GMLC may then instigate both PS-MT-LR via MAP and EPC-MT-LR via DIAMETER 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.
So, if there exists a DIAMETER based interface between GMLC and SGSN, then a single message from GMLC to co-located SGSN-MME will be sufficient instead of two different messages in two different protocols (one to SGSN and one to MME as it stands today)

· Common protocol implementation for SGSN and MME with respect to LCS.

4. Proposed enhancements for LCS related DIAMETER messages
We have conducted a preliminary analysis of comparing MAP-based Lg (SGSN/MSC – GMLC) to DIAMETER-based SLg (MME-GMLC). Below we present our findings in case either Lg is evolved from MAP to DIAMTER or SLg is evolved to accommodate LCS related changes in GERAN/UTRAN:
· Functionally, there doesn’t appear to be much of a difference between the mechanisms of operation of Lg v/s SLg
· As there is a one-to-one mapping between MAP and DIAMETER LCS messages, no new messages needs to be added to enhance the interface towards SGSN.
· There exist some gaps in information elements present between MAP and DIAMETER LCS messages. These gaps would need to be addressed to allow a single DIAMETER-based interface between MME and SGSN. Such gaps would include (but not limited to):
· Location Services specification [1] has not defined deferred Location Request call flows for EPC (EUTRAN). So, inclusion of deferred related information in Location Services related DIAMETER messages is not been defined [3]. This has to be defined.
· Diameter protocol has to be enhanced to define and include GSM and UMTS related information in Location Services related DIAMETER messages. Following table provides information about the IEs related to GSM and UMTS.
· Few other gaps which are captured in table T1 have to be supported in LCS related DIAMETER messages.
	Information Elements
	Deferred LR related parameters
	GSM/UMTS specific information
	Other gaps
	Notes

	Deferred Location Estimate Type
	X
	 
	 
	 

	MLC Number
	 
	 
	X
	E.164 Address of Requesting GMLC

	LCS Client ID
	 
	 
	X
	LCS Client Information 

	Privacy Override Flag
	 
	 
	X
	 

	LMSI
	 
	X
	 
	Related to CS-MT-LR

	LCS Reference Number
	X
	 
	 
	 

	Area Event Info
	X
	 
	 
	 

	H-GMLC Address
	X
	 
	 
	 

	Reporting PLMN List
	X
	 
	 
	 

	Periodic LDR Info
	X
	 
	 
	 

	MO-LR Short Circuit
	X
	 
	 
	 

	GERAN Positioning Data
	 
	X
	 
	SLg equivalent is available in "EUTRAN Positioning data"

	UTRAN Positioning Data
	 
	X
	 
	SLg equivalent is available in "EUTRAN Positioning data"

	GERAN GANSS Positioning Data
	 
	X
	 
	SLg equivalent is available in "EUTRAN Positioning data" itself

	UTRAN GANSS Positioning Data
	 
	X
	 
	SLg equivalent is available in "EUTRAN Positioning data" itself

	Additional Location Estimate
	 
	 
	X
	In SLg, this information
is included in "Location Estimate" itself

	Deferred MT-LR Response Indicator
	X
	 
	 
	 

	Network Node Number
	 
	X
	 
	ISDN number of MSC or SGSN

	GPRS Node Indicator
	 
	X
	 
	Indicates that 
"network node number" is SGSN

	Additional Number
	 
	X
	 
	ISDN number of MSC or SGSN

	Supported LCS capability
	 
	X
	 
	LCS capabilities of element in 
"Network Node Number"

	Additional Supported LCS Capability
	 
	X
	 
	LCS capabilities of element in 
"Additional Number"

	NA-ESRD
	 
	X
	 
	Related to Emergency calls in CS

	NA-ESRK
	 
	X
	 
	Related to Emergency calls in CS


Table T1: Proposed new IEs in LCS related Diameter messages
· In case a DIAMETER based interface between SGSN and GMLC is justified, an IWF functionality to interoperate legacy GMLCs with SGSN could also be considered.

5. Conclusion

In a move towards an all IP core, evolving existing MAP-based Lg interface on SGSN (possibly on MSC/VLR as well) to bring it at part w/ existing DIAMETER-based SLg interface would appear to be make sense. There exist use-cases especially co-located MME+(S4)SGSN  w/ ISR enabled which benefit from having a single DIAMETER-based interface between GMLC and MME/SGSN. 

A few options could exist with respect to advancing this work:
· Model Lg / SLg on S6a / S6d paradigm whereby these interfaces are treated as distinct. In other words, create a DIAMETER-based Lg application and map relevant MAP messages and IEs to DIAMETER messages and AVPs together w/ corresponding logic to process request / responses
· Enhance SLg to incorporate parameters identified in Section 4 to allow both SGSN and MME to utilize a single interface towards GMLC. SGSN can ignore, if it receives, EUTRAN-related information when received in DIAMETER messages, and MME can ignore, if it receives, GERAN/UTRAN-related information when received in DIAMETER messages.

If SA2 believes there is value in this approach, we would be willing to bring a SID/WID/CR to next meeting with the aim of enabling a single DIAMETER-based interface between GMLC and MME/SGSN. Majority of the work would be expected to be completed in CT4 groups. It may also include allowing DIAMETER-based interface between MSC/VLR and GMLC.
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