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Introduction

The current LCS UTRAN Stage 2 Specification (Document 25.305) includes some preliminary discussion of signalling sent between the RNC and the UE. This contribution addresses the case of cell ID based positioning, especially in cases where the cell ID of an UE is not known by the SRNC.

This illustration is partly based on requirements and clauses in  the TS 25.331 and TR 25.922, GSM 03.71.
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4.4.1.1 Cell ID determination

In order for the SRNC to provide the cell-ID(s) and map it to the corresponding Service Area Identifier (SAI) when it is requested for instance by LCS, additional operation may be needed if UE is in a soft handover state, and there is no cell ID support in the RRC state.
In a soft state UE may have different signal branches connected to different cells, reporting different cell IDs. Therefore a cell ID selection decision should be made in SRNC to obtain more accurate LCS estimate when mapping the cell ID to the corresponding coverage area. The cell ID may be selected based on following principles:

· The cell ID is selected based on the parameters defining the quality of the received signal branches. That is, the cell ID with the best quality signal branch is selected as the cell ID reference to obtain the UE location estimates. 

· The cell ID that was generated during connection set-up proceedings between the mobile station and the serving base station

· The oldest cell ID the mobile station associates with.

· The most recent cell ID the mobile station associates with

· The most recent cell ID of the cell to which the mobile station has been recently handed over from a previous cell.

· The identifier of the latest “new” cell that the mobile station has started to receive, but has not yet been handed over to.

· The cell ID to which UE has the shortest distance (to the site).

· The cell that provides an active connection for the mobile station at the time of receiving a new LCS request at the network controller.

Whenever the selection decision is based on measurement of one or several features of the signals between the mobile station and the respective base stations, it may happen that the measured feature, such as the signal strength or quality, changes rapidly. Therefore it may be advantageous to define a determination window or interval and to determine an average for the feature. The average will then be compared against the corresponding averages for the other signal branches, and the selection is made based on this comparison.

If the selection of the cell ID is based on the signal power or strength, the determination may be based on use of a reference signal. This specific embodiment may be based on one or several of the following principles:

· In a soft handover state or otherwise when there is an active set signal that includes several signal branches, a signal branch is selected and used as a reference branch as long as the selected branch belongs to the active set. If the reference branch is deleted or replaced, the cell identifier can be determined based on the second best reference signal (branch).
· The selected cell identifier can be changed (updated) as soon as a Primary Common Pilot Channel (CPICH, in WCDMA) that is not included in the active set becomes better than a Primary CPICH that belongs to the active set.

· The selected cell identifier may also be changed as soon as a Primary CPICH becomes better than the previously best primary CPICH.

· The selected cell identifier may also be changed as soon as a primary CPICH becomes better than an absolute threshold that may be based on the signal levels of the other active branches or be otherwise determined.

· The selected cell identifier may be changed as soon as a Primary CPICH becomes worse than an absolute threshold.

· The selected cell identifier may be changed as soon as a Primary Common Control Physical Channel (CCPCH) becomes better than the previous best primary CCPCH.

· The selected cell identifier may be changed as soon as a SIR (Signal to Interference) value of a timeslot becomes worse than an absolute threshold value.

· The selected cell identifier may be changed as soon as a Interference on Signal Code Power (ISCP) value of a timeslot becomes worse than an absolute threshold.

· The selected cell identifier may be changed as soon as an ISCP value of a timeslot becomes better than a certain predefined threshold.

· In general, a LCS_MARGIN may be utilized in a cell identifier determination process. The LCS_MARGIN can be based on Time-To-Trigger, pending time, power level of the signal (offset), or any similar approaches. The LCS_MARGIN may be used to prevent the unnecessary cell identifier updating to avoid the system performance to impair. The LCS_MARGIN may be applied either in forbidding or allowing the cell identifier update triggering.

In case of  inter-mode environment applications such as Support of Localized Service Area (SoLSA), customized applications for mobile network enhanced logic (CAMEL), etc. the cell identifier based  LCS or generally LCS may be implemented using existing toolkits such as a SIM Application Toolkit (SAT)  or CAMEL. CAMEL may be used to provide cell based applications in a CAMEL Service Environment (CSE), which can be used with the SoLSA. CSE includes e.g. charging modifications and call barring based on cell information. However, since the network may be implemented by using several service platforms, CAMEL is described herein only as an example.

In these cases other advanced positioning features of a cellular system should be taken into account. These include Localized Service Area (LSA) priority, LSA Only Access, Exclusive Access, Preferential Access, and so on. The inter-mode environment may include different cellular systems with multi layered cellular structures, including macro-cells, micro-cells, pico-cells, and home-cells. In the following some examples of such features are described in more detail.

In addition,  the other relevant mechanisms like Idle Period Downlink, (IPDL), Site Selection  Diversity Transmit power control (SSDT), etc. should be taken into account when applying the cell ID selection procedure, for instance, in a soft or softer handover state.. 

Cell ID based method should support the UE positioning regardless of the UTRAN /RRC states, including URA_PCH, Cell_PCH, Cell_DCH, cell FACH, cell reselection, inter-system modes, as well as an idle mode.

The cell ID may not be obtained if the mobile station is not in an active state, i.e. there is no connection between the mobile station and at least one of the cells. For example, in the UMTS the cell ID can be provided only when a radio resource control (RRC) connection  exists between the mobile station and at least one base station. Therefore, if the mobile station is in a mode where the cell identifier (or coverage) can not be provided then mobile station may be forced to a state where the cell identifier may be provided. For example, in a URA_PCH state the Cell identifier may not be available. The MS can be forced to Cell_FACH to define the cell identifier so that the cell identifier may be obtained whenever the LCS node needs it. Moreover, the network can prevent the MS to enter a URA update state in order to receive cell updates when the MS selects a new cell. 

If the MS is in an idle mode and there is a need to page for it, then the paging triggering for LCS purposes may be originated either by the core network or the UTRAN access network.
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Figure 4.X Cell Coverage Based Method
4.4.1.2 Mapping the Cell ID to the Cell or Service Area Coverage

In UMTS system, the UTRAN aspects are preferably hidden from the core network. For example, in a 3rd generation system a cell identifier should be mapped to a Service Area parameter to be transport over an Iu interface between a UTRAN network and the core network. The Service Area may include one or several cells. The mapping can be accomplished either in the RNC, in a Network Management System (NMS, including Network Management Unit, NEMU) or by co-operation of various access network elements. In order to determine a cell coverage estimate and to map it to the Service Area parameter, parameters such as the best reference signal, a Round Timing Trip (RTT), as well as antenna beam direction parameter may be utilised in association with the related cell identifier(s). In this case, the controller may use a reference signal RTT that is measured by the base station BS either periodically or on demand.

Alternatively, the range of a cell may be determined by using a reference signal power budget. Based on the reference signal power budget it is possible to obtain, e.g., the base station transmitted power, isotropic path loss, coverage threshold at coverage area border for a given location probability, and a cell range for an indoor and outdoor coverage.

The controller or the LCS node may use a reference signal link budget based cell range (radius) estimate in conjunction with the cell identifier to make a coverage estimation for a service area.

Additionally, the received power levels may be compared against the power budget, whereby more accurate information of the location of the UE may be provided. Computation made by two or more elements may also be combined.

In any above-mentioned cases, the interaction between neighbouring cell coverage areas, including the error margin, can be used to determine the more exact location of the mobile station.
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