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1. Introduction

This contribution comments on the draft report on location services distributed over E-mail 5.4.1999 (David Steer). Additional issues and text from more recent versions of the T1P1 LCS specifications are also proposed to be included in the report.


2. General arrangements for LCS

The draft report shows the general arrangements for LCS in a figure where Node B is outside the "UTRAN" cloud in the middle of figure "General Arrangement of LCS". The outside Clients are also connected directly to this UTRAN. A preferred approach to describe General arrangements for LCS is presented in Figure 1 below. It is pointed out that the packet switched part of the network also shall support LCS in UMTS.
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Figure 1, General arrangements for LCS in UMTS

3. Positioning methods 

3.1 ISFL-TDOA 

[Editorial note: the text in this chapter 3.1 is identical to the previous Nokia E-mail contribution to R2.]

For realizing location based services the support of physical layer is a prerequisite, so that the measurements required for the terminal location calculation can be carried out. In UTRA there are several factors that must be taken into account while considering the physical layer procedures related to location services:

· hearability: the basic feature of a CDMA network is that a terminal near its' serving base station cannot hear other base stations. In order to calculate terminal location the terminal should be able to receive at least three base stations. To facilitate this some special means are required.

· asynchronous network causes significant uncertainty to the time-difference-of-arrival (TDOA) measurements. To compensate the effects of this the real time difference (the asynchronicity) between base station transmissions must be measured, and used for correcting TDOA measurement results

· capacity loss: signalling related to location calculation takes capacity from other services. This capacity loss should be minimized.

Based on the results of the work done in ARIB SWG2/ST9 (Location Services) the best candidate for solving the above mentioned problems is the IS-FL (Idle Slot Forward Link) method. In this method each base station cease its' transmission for short periods of time (idle slot). During an idle slot of a base station, terminals within its' cell can measure other base stations and the hearability problem is reduced. Also, during idle slots the real time difference measurements can be carried out. Because IS-FL method is based on forward link (downlink) the location service can be provided efficiently to a large number of terminals simultaneously.

What is still required is detailed specifications how IS-FL is carried out. This specification work should include for example what physical channels are used for the TDOA measurements, how the idle slots are placed, and how this is signalled to terminals. 


3.2 Timing Advance, TA

The WCDMA aspects of measuring Timing Advance should be considered. Timing Advance probably are more useful in WCDMA than in GSM, because TA from different base station is available when macrodiversity is used. 


3.3 Base station synchronization

It is preferable to develop positioning methods that do not require the base station network to be synchronized, because WCDMA is inherently asynchronous. This is a big advantage of WCDMA and should not be removed. Moreover, the needed level of synchronization accuracy for LCS is not by any means straightforward to achieve. The necessary information of Relative Time Differences (RTD) between base stations can be measured by dedicated units (LMU, Location Management Unit) and distributed in the network e.g. as broadcasted information. Also RTD measurements benefit from the Idle Slot Downlink feature.

4. Requirements framework

The stage 1 specification developed by T1P1 is currently being revised after a recent meeting in T1P1. The draft report in Tdoc R2 99225 is based on 02.71, version 02.xx, and should be updated to reflect agreeable changes in the most recent 02.71. It is seen that LCS Stage 1 requirements in UMTS should follow the development of GSM LCS as far as practical. Some additional features and functional requirements are described below.


4.1 Comments on accuracy requirements

The ST9 working group in ARIB has included a summary on different location based services in its report from December 1998 with corresponding requirements and accuracy demands. The required accuracy varies from 10m up to 500m or 1km, depending on applications. 

It is not straight forward to set an exact accuracy requirement or accuracy limit for location services in a 3G system. The achievable accuracy is highly dynamic in an operational system and the accuracy demand depends both on the end user needs and on the application. The achievable accuracy will vary between rural and urban environments because of varying radio propagation conditions and fading. Location information is not available uniformally in the network because the density of base stations and size of cells vary. Some users will also be outside radio coverage some time, anyhow. In a practical network it will not be possible to estimate or guarantee very high levels of accuracy throughout the network because of these uncertainties. The achievable accuracy will be established during the localization process and the generated location information should carry an indication of estimated accuracy level at the time of location calculation. 

One approach to establish the useful accuracy level is make it variable depending on application. Different applications demand different levels of positioning accuracies and other positioning performance parameters, so the levels of performance should be classified acording to the type of applications. When an application requests the current location information of the mobile terminal, it can also indicate or require a certain (minimum) level of quality of the location indication. The quality of location information can involve parameters like accuracy, update frequency, time stamp, time-to-first-fix, reliability, continuity, etc in a feasible way. The quality of the generated location information can of course exceed the required level. In case location information is not available to the required quality level , the request can either be denied and the service execution terminated, or the lower quality information is accepted by the user. The quality level requirement of each service (application) could be set both by the subscriber and the service provider. This kind of feature is described also in GSM.02.71, which differentiates between emergency and commercial services.


4.2 Security requirements

The LCS Phase 1 security and privacy related issues were presented to SMG10 in their Stockholm meeting the last week in March according to LCS Stage 1 and LCS Stage 2 documents, 02.71 and 03.71 respectively.

SMG10 had several comments and questions related to LCS, which are relevant also for UMTS. SMG 10 will send a liasion statement to T1P1. 

System components, General Functional Model of LCS in UMTS

[ Editorial note : the following section has been adapted from the GSM 02.71, version 1.0.0 and GSM 03.71, version 1.0.0. Some changes have been made to reflect the new UTRAN environment. As the GSM specifications are still under development, this text may not represent the latest versions. This does not imply endorsement of, nor disagreement with, the base texts or their subsequent amendments. The material is used here as a nucleus to start the development of the LCS for UTRAN. This material may be updated to reflect the changes in the appropriate text. 


These topics are FFS.]
[from Tdoc R2 99225:]

This section describes the overall LCS service from the LCS client point of view. The LCS functional diagram, shown in the following figure, depicts the relation of the LCS client and the LCS server within the UTRAN. The various components within the LCS server are used to measure the UE position manage the LCS process and to provide the location information to the LCS client. 

The components illustrated are logical entities developed for the purpose of describing the standard system operation. They do not necessarily represent physical entities and implementations may combine the logical elements in various physical arrangements as appropriate. Various of the elements may be present in either or both the UTRAN fixed network or in the UE handset or associated apparatus. It is intended that these elements be general (generic) in nature in order that improved performance and lower cost can be achieved in UTRAN by adopting new techniques and procedures over the (many years) lifetime of the UTRAN operation. Not all implementations need include all elements and this description is not intended to preclude additional elements or operations that may be added to provide additional features.
[new text]

The LCS functional model shown in Figure 2 depicts the interaction of the LCS client and the LCS server within the PLMN. The PLMN uses the various LCS components within LCS server to provide the target MS Location Information to the LCS client.
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Figure 2. General Functional model of the LCS in UMTS

4.3 LCS Components and Functional Entities 

The LCS components include the following entities:

· Client Handling in LCS Client

· Subscriber Handling in LCS Server

· System Handling in LCS Server

· Client Handling in LCS Server

4.3.1 LCS CLIENT

An LCS client contains an LCS component with one or more client(s) which, by using location information, can provide location based services. 
An LCS client is a logical functional entity that requests from the LCS server in the PLMN location information for one or more than one target MS within a specified set of parameters such as Quality of Service (QoS). The LCS Client may reside in an entity (including the MS) within the PLMN or in an entity external to the PLMN. The specification of the LCS Client's internal logic and its relation to the external use is outside the scope of this report.

4.3.1.1 Location Client Function (LCF)

The Location Client Function (LCF) provides a logical interface between the LCS client and the LCS server. This function is responsible for requesting location information for one or more MEs/MSs with a specified “QoS” and receiving a response, which contains either location information or a failure indicator.

4.3.2 LCS Server (LCS within the network)

4.3.2.1 Client handling component

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 UMTS 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 3G-MSC. 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).

Location Client Authorization Function (LCAF) 

The Location Client Authorization Function (LCAF) is responsible for providing access and subscription authorization to a client. Specifically, it provides authorization to a LCS client requesting access to the network and authorizes the subscription of a client. LCAF provides authorization to a LCS client requesting Location Information of a specific MS.

 Access Subfunction

An Access Subfunction enables LCS clients to access LCS services. This subfunction provides verification and authorization of the requesting client.

When a LCS is requested, the Access Subfunction uses the information stored in the LCS client subscription profile to verify that:

· the LCS client is registered; and

· the LCS client is authorized to use the specified LCS request type;

· the LCS client is allowed to request location information for the subscriber(s) specified in the LCS request;

 Subscription Subfunction

The LCS client Subscription profile shall contain a minimum set of parameters assigned on per LCS client basis for an agreed contractual period. The LCS client profile shall contain the following set of access parameters:
· LCS client identity;

· Allowed LCS request types (i.e. LIR, LDR or both);

· Maximum number of subscribers allowed in a single LCS request;

· Priority;

· Position override indicator;

· State(s) ;

· Event(s) (applicable to LDR requests only);

· Local coordinate system;

· LCS client access barring list (optional);

· PLMN access barring list applicability ; 

For certain authorized LCS client internal to the PLMN, a subscription profile is unnecessary. These clients are empowered to access any defined service that is not barred for an MS subscriber. This permits positioning of emergency calls without the need for pre-subscription.

Location Client Coordinate Transformation Function (LCCTF
)

The Location Client Coordinate Transformation Function (LCCTF) provides conversion of a location estimate expressed according to a universal latitude and longitude system into an estimate expressed according to a local geographic system understood by the LCF and known as location information. The local system required for a particular LCF will be either known from subscription information or explicitly indicated by the LCF.


4.3.2.2 System handling component

Location System Control Function (LSCF)

The Location System Control Function (LSCF) is responsible for coordinating location requests. This function manages call-related and non-call-related positioning requests of UMTS LCS and allocates network resources for handling them. The LSCF retrieves MS classmark for the purpose of determining a positioning method. The LSCF performs call setup if required as part of a LCS. It also caters for coordinating resources and activities with regard to requests related to providing assistance data needed for positioning. This function interfaces with the LCCF, LSPF, LSBF and PRCF. Using these interfaces, it conveys positioning requests to the PRCF, relays positioning data to the LCCF and passes charging related data to the LSBF.
Location System Billing Function (LSBF)

The Location System Billing Function (LSBF) is responsible for charging and billing activity within the network related to location services (LCS). This includes charging and billing of both clients and subscribers. Specifically, it collects charging related data and data for accounting between PLMNs. 

Location System Operations Function (LSOF)

The Location System Operations Function (LSOF) is responsible for provisioning of data, positioning capabilities, data related to clients and subscription (LCS client data and MS data), validation, fault management and performance management of UMTS LCS.
4.3.2.3 Subscriber Component

Location Subscriber Authorization Function (LSAF)

The Location Subscriber Authorization Function (LSAF) is responsible for authorizing the provision of a location service (LCS) for a particular mobile. Specifically, this function validates that a UMTS LCS can be applied to a given subscriber. The LSAF verifies the client MS’s subscription.

Location Subscriber Privacy Function (LSPF)

The Location Subscriber Privacy function is responsible for all privacy related authorizations. For a target MS it shall authorize the positioning request versus the privacy options of the target MS, if any.

4.3.2.4 Positioning Component

Positioning Radio Coordination Function (PRCF)

The Positioning Radio Control Function (PRCF) manages the positioning of a mobile through overall coordination and scheduling of resources to perform positioning measurements. This function interfaces with the PSMF and PCF. The PRCF determines the positioning method to be used based on the QoS, the capabilities of the network, and the MS’s location capabilities. It determines which PSMFs to be involved or what to measure, and obtains processed signal measurements from PSMF. Next, it packs the signal measurement data from the PSMF into a certain format and forwards it to the PCF. 

Positioning Calculation Function (PCF)

The Positioning Calculation Function (PCF) is responsible for calculating the position of the mobile. It obtains base station related data e.g., the geographic co-ordinates of the base station and stores this data. This function applies an algorithmic computation on the collected signal measurements to compute the final location estimate and accuracy. It also supports conversion of mobile’s location estimate between different geodetic reference systems.
Positioning Signal Measurement Function (PSMF)

The Positioning Signal Measurement Function (PSMF) is responsible for gathering uplink or downlink radio signal measurements for calculation of a mobile’s position. These measurements can be positioning related or ancillary. 

Positioning Radio Resource Management (PRRM)

The Positioning Radio Resource Management entity is responsible for managing the effect of MS positioning on the overall performance of the radio network. PRRM handles following functionalities:

· Controlling the variation of the UL and DL signal power level due to the LCS application.

· Calculating the DL and UL power/interference due to MS positioning to admit/reject the new LCS requests. 

· Cooperating with Admission Control, and PC entities of the RRM to provide the system stability in terms of readio resources. 

· Controlling the RTD measurement mechanism. It may also forward the results of the RTD; ATD (or any simialar timing parameter) measurements to the PCF.

· Controlling the IS-DL mechanisim for positioning measurements. This may include the overall control of the periodical measurements fulfilment.

Simultaneous positioning requests must be queued in a controlled manner. Possible priority differences should be taken in account, eg for emergency calls.

Functional Interfaces

The interfaces between functional entities and their functionality are summarized in following table.

Interface
Functional Description

LSCF – PRCF
To convey the positioning requests to the PRCF

LSCF – LSBF
Supports LSCF in passing charging related data to LSBF

LCCF – LCCTF
Provides the LCCF entity to order the LCCTF to perform a transformation to local coordinates.

LSCF – LSPF
Supports LSCF to obtain the privacy options of the target MS

LSCF – LCCF
To relay positioning data to the LCCF

LCCF – LCAF
?

PRCF – PCF
Supports PRCF in forwarding the formatted signal measurement data to the PCF

PRCF – PSMF
In order for PRCF to determine which PSMFs to be involved or what to measure.  To obtain processed signal measurements from PSMF

PRRM – PRCF
Enables PRCF to obtain the RRM related information, including available RRC resource for positioning purposes, UL and DL interference limits or MS positioning admitting data from PRRM

It is emphasized that the messages and procedures between different functional entities of LCS naturally shall be integrated with the corresponding system interface procedures being standardized for UMTS. 

4.4 Allocation of the LCS Functional Model to network entities

Figure 3 illustrates the tentative allocation of functional entities in the reference configuration of LCS in UMTS. It is assumed that the CS and PS parts of the network have either their own independent mobility management or use the joint mobility management through the optional Gs interface. 

The mobile positioning calculation is proposed to be done int the Serving RNC in UTRAN. Thus, it is pointed out that there is no need for a Serving MLC in the proposed model. It is also seen that LCS in UMTS should take benefit of the  standardized Iur interface between RNCs, when base station information and measurement results are collected. 

The functional model presented in the figure includes functional entities for both CS and PS related LCS. In addition, it consists of all the entities needed for different positioning methods i.e. network based, mobile based, mobile assisted, and network assisted
 positioning, exploiting either uplink or downlink measurements. 
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Figure 3, Allocation of the LCS functional model to the reference configuration

"(The Iu connections between the core network and UTRAN are only indicated by the dotted Iu line.) There may be several RNCs involved in LCS in UTRAN. The Serving RNC (SRNC) controls LCS and collects LCS information from other RNCs. The Drift RNC (DRNC) is involved in LCS because of macrodiversity and soft handover. Also base stations not belonging to the Serving RNC (SRNC) or DRNC may be used for LCS measurements. "

Reference Configuration 

Figure 3 and Table 1 show the generic configuration for different positioning methods, including network-based, mobile-based, mobile-assisted and network-assisted positioning methods. With this approach both the network and the mobiles are able to measure the timing of signals and compute the mobile's location estimate. Depending on the applied positioning method it is possible to utilize the corresponding configuration containing all needed entities. For instance, if network-based positioning is applied, the entities that are involved in measuring the mobile's signal and calculating its location estimate are allocated to the network elements of the access stratum. On the other hand, in case mobile-based or network-assisted methods are used these entities should be allocated to the mobile station.
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Table 1. Allocating LCS Functional Entities to Network Elements 
 for a Generic LCS Configuration

5. Proposal

It is proposed that the necessary changes, new figures and additional requirements identified in this documents are added to the draft LCS report in Tdoc R2-99225.

This initial report should then be handed over to SA S1 and S2 together with Liaison statements, where WG2 asks these working groups to generate corresponding Stage 1 and Stage 2 specifications for LCS in UMTS based on the draft report and possible other information.

It is also important to identify what requirements and LCS features should be made applicable for Release 99. 

The LS could point out possible working assumptions on LCS for Release 99, that RAN WG2 may be  prepared to make already now. S1 and S2 should be asked to confirm such assumptions. One example is the Idle Slot Dowlink feature that improves hearability and thereby LCS accuracy in WCDMA.













































� In GSM 03.71 this entity is described in the system handling component part of functional model.


� In this approach mobile station may use the GPS positioning mechanism but still demand e.g. auxiliary measuremts from the serving network.
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