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1
Introduction

For wireless carries, there is an immediate need for accurately locating mobile subscribers due to the growing mobile services market, as well as possible regulations such as the FCC, E911 requirement in the U.S. Location Services (LCS) in GSM and UMTS networks is a feature that enables positioning of Mobile Station (MS). Location information can be utilized for a variety of purposes: public safety, commercial or entertainment.

The GSM LCS feature was introduced to GSM release 98 and 99 standards. The R99 is identical to R98. Furthermore, there is a 3GPP release 4 LCS standard available, and it is also identical to R98/99, except for a fundamental split of the specification descriptions between the radio architecture and the core network, and removal of the support for TOA location method. LCS is described in the following specifications:

· TS 03.71, LCS Stage 2 description in GSM (R98/99) [1]

· TS 23.271, Functional stage 2 description of LCS (R4) [2]

· TS 43.059, Functional Stage 2 Description of Location Services in GERAN (R4) [3]

· TS 25.305,  Functional Stage 2 Description of Location Services in UTRAN (R4) [4].

To deploy LCS in a Public Land Mobile Network (PLMN) is a challenge for interoperability. In fact, it is a major issue to be handled in order to enable LCS procedures working properly especially in a multi-vendor environment. These challenges are described in this description. The description also suggests a common LCS interoperability test concept to be created within LIF. For the operator such test would be a testimony about the vendor’s LCS capability and assurance whether the feature can be deployed in a multi-vendor environment. For the vendor a passed LIF-test is a merit that can be used for e.g. marketing purposes. 

The document gives an overview about LCS and the related interoperability problems. The  following aspects are covered:

· Different LCS architectures

· Positioning methods

· Multi-vendor topologies

· Other interoperability aspects

For details on LIF LCS test concept, see ref [5].

2
LCS architectures

The GSM release 98/99 standard allows two different logical LCS architecture approaches, a radio (BSS) and a core network (NSS) centric, to be implemented in a network. The main difference with these two architectures is the location of the Serving Mobile Location Center (SMLC). In the former the SMLC is located in the radio network whereas in the latter it is located in the core network. The SMLC manages the overall coordination and scheduling of resources required to perform positioning of a mobile. It also calculates the final location estimate and accuracy. The following Figure 1 depicts the release 98/99 LCS architecture.
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Figure 1 Logical LCS architecture in release 98/99 standard 

In release 4 only the BSS centric architecture is allowed. The LCS system specification in release 4 is common for UMTS and GSM. It is depicted in the following Figure 2.

The challenge from interoperability point of view is that both architectures (NSS and BSS centric) might co-exist in one PLMN. As an example, the operator might start with deploying a less expensive NSS centric LCS solution. In the future the system might be enhanced with more capacity and more accurate LCS feature requiring BSS based LCS architecture. The evolution is likely to result in a network, which includes LCS equipment based on different release solutions. 
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Figure 2 Logical LCS architecture in release 4 standards.

3
Positioning methods

The GSM release 98/99 standard allows the following positioning methods:

· Timing Advance (TA),

· Time of Arrival (TOA),

· Enhanced Observed Time Difference (E-OTD),

· Network Assisted GPS (A-GPS).

A short definition of the positioning methods is provided below. A more detailed description is available in the 3GPP TS 03.71 [6]

Cell ID methods: Basic service level method. Can be used to enhance the accuracy of the pure Cell ID method in areas with large (>1 km) cells. Works with legacy handsets but standard method needs LCS functionality in GMLC, MSC/VLR, BSC and HLR. In case timing advance method is further enhanced, by utilizing other radio parameters such as delivered in measurement report, then it should be guaranteed that such enhancements neither decrease the performance of a multi-vendor network nor get the system instable.

Time of Arrival (TOA): signal from the MS is measured at different places in the network. Minimum requirement is that measurements from 3 BTS are accomplished.  No change to the MS is required but TOA Location Measurement Units (LMU) need to be installed to every cell site. Changes in both BSS and NSS are needed.  Location of legacy handsets is possible. Referring to the current LCS market situation it seems that the major vendors are not going to implement TOA. Therefore this method is not currently supported in this test specification. If needed it can be included to the future releases of this specification. 

Enhanced Observed Time Difference (E-OTD): MS measure the observed time difference of at least 3 BTS. The BTS timing difference in the air interface are measured and the location estimated is based on Geometric Time Differences (GTD=OTD-RTD).  The method requires support by the MS.  It is not possible to locate legacy handsets.  E-OTD Location Measurement Units (LMU) are to be installed and the location is calculated in Serving Mobile Location Centre (SMLC). 

Network Assisted GPS (A-GPS): GPS receiver is integrated into mobile stations The network delivers assistance data on the position and configuration of the satellites to the handset. This results in better sensitivity and shorter set up time and to some extent works also indoors. A-GPS is a very accurate technology. A-GPS will also exist as a 3G location technology.

The variety of positioning methods causes an interoperability challenge. This is due to several facts. All the positioning methods, including TA method, can be configured in different optional ways in a network. Then the question is whether the vendor implementations are compatible with each other or not. Another issue is that the position calculation in the assisted methods can be either handset or network based. A further fact is that the assistance data varies from one implementation to another. It is obvious that the network and the MS do not always support the same positioning methods. A related issue then is how a roaming subscriber can be served in a visited network.  

4
Multi-vendor topologies

GSM release 98/99 LCS architecture allows to configure the feature on NSS or BSS centric approach. Because the standard is based on open interfaces it should be possible for a teleoperator to acquire the LCS feature from one vendor and integrate it to the existing network which is based on another vendor’s equipments. The following figures illustrate some major configuration possibilities. It should be noted that the real-life networks might be even more challenging including e.g. BSS components from several vendors and networks where both NSS and BSS based LCS architectures co-exist. The figures introduce both the NSS and BSS based architectures on a generic level. A more detailed illustration of the LCS architecture is in GSM release 98 and 99 standards (see chapter 0). Further details are available in the corresponding 3GPP specifications [1,2,3,4]. 

4.1
Case1) NSS based LCS architecture; LCS feature and the core network from different vendors

In case of NSS centric LCS architecture where the location feature and the entire core network are from different vendors, the most important LCS interfaces are core network interfaces which are typically based on  MAP protocol. MAP is usually implemented in different ways by different vendors and the challenge is to cope with the different MAP variants.  
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Figure 3 LCS network topology, case 1

4.2
Case 2) NSS based LCS architecture; LCS feature and the core network from the same vendor, radio network from a different vendor

Somewhat different situation is such that the BSS is based on vendor B equipments, NSS is based on vendor A and the location feature is based on vendor A equipment. In this case the most important interfaces are related to BSS network elements. The issue then is e.g. whether the desired radio parameters are delivered from the radio network to the location server.   
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Figure 4 LCS network topology, case 2

4.3
Case 3) BSS based LCS architecture, SMLC, GMLC, radio network and core network from different vendors

In case of BSS centric architecture where the location feature is split between a radio access based SMLC and a core network GMLC, both radio and core network interfaces are of importance. The special challenges with BSS based approach relate to different positioning methods. The positioning methods have a number of options and a challenge is e.g. to define a minimum set of options to be implemented. In addition, the positioning methods supported by the MS and the network might not match. In BSS architecture there are major interoperability issues on both radio and core network interfaces. 
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Figure 5 LCS network topology, case 3

4.4
Case 4) Interoperability in case of end-to-end service
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In the first LCS implementations a major challenge is that the LCS implementation might not be fully LCS standard compliant. In order to get an end-to-end service work in multi-vendor environment, it is required to understand how the different vendor’s  implementations are planned to work and based on this information get the whole multi-vendor LCS system to work. This means that the tests should cover all the interfaces from the external client all the way towards the mobile station and the external client. 
Figure 6 LCS network topology, case 4

It should be noted that the above figures show just a few generic examples of network topologies. In real life the number of  possible configurations is larger.

5
Privacy aspects

Proper privacy handling is a key issue to be considered, in order to promote widespread deployment of location-based services. It covers many aspects, such as ownership of location information, disclosure of location information, usage of location information and lawful intercept. 

Recently there has been discussion about where to reside the privacy handling functionality in mobile networks. In 3GPP LCS standards the main responsibility is resided at the VMSC. As an example, it has to authorize the LCS client and secure the privacy of the target MS before proceeding further with the positioning procedure. Discussion has been going on to outsource part of the privacy functionality to middleware software outside the LCS network specified in 3GPP release 98/99 LCS standards [5]. As this discussion is still going on, it has been decided to limit the scope of testing LCS privacy handling into 3GPP LCS standards. 

6
Roaming

One main aspect with the LIF work is the following: users should have the same experience, performance and quality of LCS service whether they access the service in the home network or when visiting other networks. For roaming subscriber this requirement might not be easy to be fulfilled. Reasons for this have already been discussed in this document. In order to guarantee the LCS service for roaming subscribers the issue should split up into more detailed parts. The following text lists some of the aspects related to interoperability:

· roaming and privacy

· roaming and charging

· roaming and different positioning methods

· roaming and different access networks

· inter PLMN versus intra PLMN roaming

7
Charging

LCS IOT specification doesn’t currently cover charging aspects. The corresponding LCS specification, 3GPP TS 03.71 handles charging by specifying two related functionalities: LCCF and LSBF. In addition, the specification sets requirements for charging information to be collected by the PLMN serving the LCS client. Moreover there are special requirements for charging information collection in case of inter PLMN LCS service.

8
Other interoperability aspects

A further interoperability challenge is the fact that the first LCS implementations are not likely to be 100 percent based on the GSM LCS standards. Instead, there will be vendor specific LCS systems that are partly based on proprietary solutions. How to cope with this issue in a multi-vendor environment is not an easy task. 

9
Interoperability test concept for multi-vendor environment

In order to meet the described interoperability challenges LIF decided to create a test concept for LCS interoperability testing. The intention with the interoperability test concept is to have it adopted by all the relevant parties involved in creation of location based services. The benefit from the testing is twofold: for the operator it is a testimony about the vendor’s LCS capability and assurance whether the feature can be deployed in a multi-vendor environment or not. For the vendor a LIF certificate is a merit that can be used for e.g. marketing purposes. The purpose with the LIF test concept is to make a procedure how to test interoperability issues in LCS and get that standardized. Contribution to standardization bodies such as 3GPP will be considered. 

9.1
How to phase the concept creation

The scope of the LCS interoperability test concept is wide. It should cover all the LCS architecture approaches, all the positioning methods, circuit switched and packet switched features and perhaps some optional LCS features, GSM and UMTS technologies. The concept should be created, it should be communicated to the relevant parties, it should be standardised and the actual tests should be run in real-life networks. This is time consuming, that is why LIF meeting decided to split up the creation of the test concept into different phases. The following table highlights the initial phasing plan. 

	
	Phase 1
	Phase 2
	Later phases

	Technology to be tested
	GSM, release 98/99
	GSM, release 98/98
	GPRS, UMTS

	Positioning methods
	Cell Id + TA
	E-OTD, A-GPS
	E-OTD (GPRS), A-GPS (GPRS), TOA-IPDL

	Service scenarios
	non call related MT-LR,

MO-LR response to a third party,

Emergency call
	Call-related MT-LR
	

	Additional features to be tested
	
	Roaming, privacy handling
	


Table 1 Different phases in the LCS test concept creation [2]

During phase 1 the target is to start the interoperability testing work, create a test concept for a limited number of LCS procedures and run at least one field trial.

10
Summary

LCS involves a number of interoperability challenges. The major challenges are related to optional LCS architecture approaches and the migration path correspondingly, optional positioning methods, optional ways to configure the chosen method and standard compliance of the first LCS implementations and LCS support for roaming subscribers.

Interoperability testing concept is to be created within LIF. Such concept would benefit both the vendor and the operator by guaranteeing that the LCS feature works in a multi-vendor environment. It has been seen important for the teleoperators to be able to acquire the LCS feature freely from an appropriate vendor.  

A major challenge for fast deployment of location-based services is related to the fact that such services should run on top of multi-vendor networks. The major obstacle for adopting LCS is the threat that interoperability is not completely assured.
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ANNEX A (informative): Charging aspects in GSM release 98/99 LCS stage 2 specification, TS 03.71 

Location Client Control Function (LCCF)

The Location Client Control Function (LCCF) manages the external interface towards LCF. . The LCCF identifies the LCS client within the GSM PLMN by requesting client verification and authorization ( i.e. verifies that the LCS client is allowed to position the subscriber) through interaction with the Location Client Authorization Function (LCAF) . The LCCF handles mobility management for location services (LCS) e.g., forwarding of positioning requests to VMSC. The LCCF determines if the final positioning estimate satisfies the QoS for the purpose of retry/reject. The LCCF provides flow control of positioning requests between simultaneous positioning requests. It may order the Location Client Coordinate Transformation Function (LCCTF) to perform a transformation to local coordinates. It also generates charging and billing related data for LCS via the Location System Billing Function (LSBF). 

Charging

Charging Information collected by the PLMN serving the LCS Client 

The following charging information shall be collected by the PLMN serving the LCS Client:

-
Type and Identity of the LCS Client;

-
Identity of the target MS;

-
Results (e.g. success/failure, method used if known, response time, accuracy) - to be repeated for each instance of positioning for a deferred location request;

-
Identity of the visited PLMN;

-
LCS request type (i.e. LDR or LIR);

-
State; 

-
Event (applicable to LDR requests only);

-
Time Stamp; 

-
Type of coordinate system used.

Charging Information Collected by the Visited PLMN

The following charging information shall be collected by the visited PLMN:

-
Date and time;

-
Type and Identity of the LCS Client (if known)

-
Identity of the target MS;

-
Location of the target MS (e.g., MSC, location area ID, cell ID, location coordinates);

-
Which location services were requested;

-
Results (e.g. success/failure, positioning method used, response time, accuracy) - to be repeated for each instance of positioning for a batch location request;

-
Identity of the GMLC or PLMN serving the LCS Client;

· State;

· Event (applicable to LDR requests only).
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