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GERAN LCS Overview

 & 

Recommendations for LCS MS Test Cases

1. Introduction

The LoCation Services (LCS) feature in GERAN provides the mechanisms to support mobile location services for operators, subscribers and third party service providers.

The GSM LCS feature was introduced to GSM R98 and R99 standards. The R99 is identical to R98. Furthermore, 3GPP Release 4 LCS standard is now ready, 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.  In GSM R98/99 LCS standard the stage2 description describes both radio access network and the core network part, which is in GSM TS 03.71 [1]. The split of specifications resulted in the development of several stage 2 descriptions for LCS in 3GPP Release 4:  

· 3GPP TS 23.271
Stage 2 Functional Description of Location Services  (LCS) for (GSM+UMTS)

· 3GPP TS 25.305
Stage 2 Functional Specification of Location Services (LCS) in UTRAN

· 3GPP TS 43.059
Stage 2 Functional Specification of Location Services (LCS) in GERAN

For the purpose of this discussion, emphasis should be placed on the system stage 2 (23.271) and GERAN stage 2 (43.059) and the corresponding GSM/GERAN stage 3 specifications.   In addition to the architecture split between the core network and radio access network in 3GPP Release 4, only the BSS architecture for LCS architecture is supported and the Time Of Arrival (TOA) location method support has been removed.

This document is provided as an overview of GERAN LCS stage 2 and describes the location methods used in 3GPP specifications: Cell Id +Timing Advance (CI+TA), Enhanced Observed Time Difference (E-OTD), and Assisted Geographic Positioning System (A-GPS).   

This discussion paper then illustrates the LCS procedures and protocols from the MS point of view. All procedures and protocols are defined in LCS Stage 2 description and the appropriate L3 specifications. In an effort to assist the development of MS test cases for LCS methods, the protocols for assisted GPS (A-GPS) and Enhanced Observed Time Difference (E-OTD) have been provided. For R98/99 GSM specifications, Time of Arrival (TOA) location method utilises normal handover procedures, therefore MS test cases are not needed in this instance. The physical layer requirements are also illustrated to assist in MS test case development.

It is recommended to use document and references mentioned within this text as guidance when developing the LCS MS Test cases in GERAN WG 4.  Note that the references in section 7 are referring to R98 specifications and the appropriate mirror references are found from R99 and Rel-4 specification versions.

2. Definitions

For a complete listing of 3GPP definitions, refer to 3GPP TS 22.101.

LCS (LoCation Services): LCS is a service concept in system standardisation. LCS specifies all the necessary network elements and entities, their functionality, interfaces, as well as communication messages, due to implement the positioning functionality in a cellular network. Note that LCS does not specify any location based (value added) services except locating of emergency calls.

LCS Client: a software and/or hardware entity that interacts with a LCS Server for the purpose of obtaining location information for one or more Mobile Stations. LCS Clients subscribe to LCS in order to obtain location information. LCS Clients may or may not interact with human users. The LCS Client is responsible for formatting and presenting data and managing the user interface (dialogue). The LCS Client may reside in the Mobile Station (MS)

LCS Server: a software and/or hardware entity offering LCS capabilities. The LCS Server accepts requests, services requests, and sends back responses to the received requests. The LCS server consists of LCS components, which are distributed to one or more PLMN and/or service provider

Location Estimate: the geographic location of an MS and/or valid Mobile Equipment (ME), expressed in latitude and longitude data. The Location Estimate shall be represented in a well-defined universal format. Translation from this universal format to another geographic location system may be supported, although the details are considered outside the scope of the primitive services

Mobile Assisted positioning: any mobile centric positioning method (e.g. E-OTD, GPS) in which the MS provides position measurements to the network for computation of a location estimate by the network. The network may provide assistance data to the MS to enable position measurements and/or improve measurement performance
Mobile Based positioning: any mobile centric positioning method (e.g. E-OTD, GPS) in which the MS performs both position measurements and computation of a location estimate and where assistance data useful or essential to one or both of these functions is provided to the MS by the network. Position methods where an MS performs measurements and location computation without network assistance data are not considered within this category
Mobile Station: the mobile station (MS) consists of Mobile or User Equipment (ME or MS) with a valid SIM or USIM attached. 

Positioning (/location detecting): positioning is a functionality, which detects a geographical location (of e.g. a mobile terminal)

Positioning technology (/locating technology): a technology or system concept including the specifications of RF interfaces, data types, etc. to process the estimation of a geographical location, e.g. GPS and E-OTD 

Radio Interface Timing: Comprise Absolute Time Differences (ATDs) or Real Time Differences (RTDs) of the signals transmitted by Base Stations, where timing differences are measured relative to either some absolute time difference (ATD) or the signals of another Base Station (RTD).

Target MS: the Mobile Station being positioned

Type A LMU: accessed exclusively over the air interface (Um interface): there is no wired connection to any other network element. 

Type B LMU: is accessed over the Abis interface from a BSC. The LMU may be either a standalone network element addressed using some pseudo-cell ID or connected to or integrated in a BTS.  Note, Abis interface is beyond the scope of this document. 

3. Abbreviations

For complete listing of 3GPP abbreviations, refer to 3GPP TS 21.905.

A-GPS
Assisted GPS

ATD
Absolute Time Difference

D-GPS
Differential GPS

E-OTD
Enhanced Observed Time Difference

Gb
Interface between GERAN BSS and SGSN

Lb
Interface between  SMLC and BSC

LCCF
Location Client Control Function

LCF
Location Client Function

LSBcF
Location System Broadcast Function

LSCF
Location System Control Function

LSOF
Location System Operation Function

PCF
Position Calculation Function

PRCF
Positioning Radio Co-ordination Function

PRRM
Positioning Radio Resource Management

PSMF
Positioning Signal Measurement Function

RIT
Radio Interface Timing

RRLP
Radio Resource Link Protocol

RTD
Real Time Difference

SMSCB
Short Message Service Cell Broadcast

SMLCPP
Serving Mobile Location Center Peer Protocol

TA
Timing Advance

Um
GERAN Air Interface

UTC
Universal Coordinated Time

4. Main Concepts

A general description of location services and the service requirements is given in the LCS stage 1 specification GSM TS 02.71 [0]. By measuring radio signals the capability to determine the geographic location of the mobile station (MS) shall be provided. The location information may be requested by and reported to a client (application) associated with the MS, or by a client within or attached to the Core Network. The location information may also be utilised internally by GERAN, for example to support features such as home location billing. The location information shall be reported in standard formats, such as those for cell based or geographical coordinates of the location of the MS.

It shall be possible for the majority of the MS (active or idle) within a network to use the feature without compromising the radio transmission or signalling capabilities of the GERAN.

Three positioning mechanisms are supported for LCS: 

· Timing Advance (TA), 

· Enhanced Observed Time Difference (E-OTD), 

· Global Positioning System (GPS).  

5. GERAN LCS Architecture

Figure 1, shows the general arrangement of the Location Service feature. This illustrates, generally, the relation of LCS Clients and servers in the core network with the GERAN. In GSM R98/99 the definition and operation of LCS entities (both radio access and core network point of view) is defined in GSM TS 03.71 [1]. In Rel-4, the definition and operation of LCS entities operating in the core network is defined in 3GPP TS 23.271 [2] and the radio access part is defined in 3GPP TS 43.059 [3]. The LCS entities within the GERAN communicate with the Core Network (CN) across the A interface. 

Communication among the GERAN LCS entities makes use of the messaging and signalling capabilities of the GERAN.

As part of their service or operation, the LCS Clients may request the location information of Mobile Station. There may be more than one LCS client. These may be associated with the core network, associated with the GERAN, operated as part of a MS application or accessed by the MS through its access to an application (e.g. through the Internet).

Within the GERAN, the BSC receives authenticated requests for LCS information from the core network across the A interface and passes these to the SMLC. The SMLC may be a standalone network element or functionality that is integrated to the BSC. LCS entities then manage the GERAN resources, including the base station, the LMU, the MS and calculation functions, to estimate the location of the MS and return the result to the Core Network. 
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Figure 1: Functional LCS Architecture in GERAN

Note: Positioning not supported on Gb interface in Release 4, but paging GPRS mobile supported for Circuit Switched mode positioning. (i.e. GERAN LCS release 4 only supports Circuit Switched mode positioning) 

5.1 Functional Description of GERAN LCS Network Elements

5.1.1 BSC

The BSC receives authenticated requests for LCS information from the CN across A and Gb interfaces and passes these to the SMLC.

5.1.2 SMLC

The SMLC is either a separate network element of GERAN or integrated functionality in BSC that contains functionality required to support LCS.  The SMLC manages the overall co-ordination and scheduling of resources required for the location of a mobile. It also calculates the final location estimate and estimates the achieved accuracy.  The SMLC may control a number of LMUs for the purpose of obtaining radio interface measurements to locate or help locate MS subscribers in the area that it serves. The SMLC is administered with the capabilities and types of measurement produced by each of its LMUs. The radio interface timing measurement returned by an LMU to a SMLC has a generic status in usable for more than one location method.

5.1.3 CBC

For Location Services, when a Cell Broadcast Center (CBC) is associated with a BSC, the SMLC may interface to a CBC in order to broadcast assistance data using existing cell broadcast capabilities. The SMLC shall behave as a user, Cell Broadcast Entity, to the CBC (refer to GSM TS 03.41 [15] ).

5.1.4 LMU

The LCS Measurement Unit (LMU) entity makes measurements (e.g. of radio signals) and communicates these measurements to the SMLC (e.g. the PRCF). The LMU contains a PSMF and may also perform calculations associated with the measurements.  The LMU may make its measurements in response to requests (e.g. from the SMLC), or it may autonomously measure and report regularly (e.g. timing of BTS transmissions) or when there are significant changes in radio conditions (e.g. changes in the RTD).  There may be one or more LMUs associated with the SMLC and an LCS request may involve measurements by one or more LMUs. LMU functionality may be integrated in a BTS.

An LMU makes radio measurements to support one or more positioning methods; these assistance measurements are specific to all MSs in a certain geographic area.  All location and assistance measurements obtained by an LMU are supplied to the SMLC associated with the LMU. Instructions concerning the timing, the nature, and any periodicity of these measurements are either provided by the SMLC or are pre-administered in the LMU.

The following assistance measurement obtained by an LMU has a generic status usable by more than one position method:

Radio Interface Timing measurements – comprise Absolute Time Differences (ATDs) or Real Time Differences (RTDs) of the signals transmitted by Base Stations, where timing differences are measured relative to either some absolute time difference (ATD) or the signals of another Base Station (RTD). 

5.1.5 MS

The MS interacts with the measurement co-ordination functions to make measurements of downlink signals. The measurements to be made will be determined by the chosen location method. 

The MS may also contain LCS applications, or access an LCS application through communication with a network accessed by the MS or an application residing in the MS and/or satellite signals. The MS may include the needed measurement and  calculation functions to determine the MS's location with or without assistance of the GERAN LCS entities.

Standard LCS Methods

The standard LCS methods described below are excerpts from GSM 03.71 LCS stage 2[1], and in 3GPP TS 43.059 GERAN LCS stage 2[3], where these methods are defined in detail.  

5.2 Timing Advance Based Positioning 

The TA is based on the existing Timing Advance (TA) parameter. The TA value is known for the serving BTS. To obtain TA values in case the MS is in idle mode a special call, not noticed by the GSM subscriber (no ringing tone), is set up. The cell-ID of the serving cell and the TA is returned as the result of the TA. 

TA may be used to assist all positioning mechanisms and is a fall-back procedure.

5.3 Description of E-OTD

5.3.1 Enhanced Observed Time Difference (E-OTD) positioning mechanism

The Enhanced Observed Time Difference (E-OTD) method is based on measurements in the MS of the Enhanced Observed Time Difference of arrival of bursts of nearby pairs of BTSs. For E-OTD measurement synchronization, normal and dummy bursts are used. When the transmission frames of BTSs are not synchronized, the network needs to measure the Real or Absolute Time Differences (RTDs or ATDs) between them. To obtain accurate trilateration, E-OTD measurements and, for non-synchronized BTSs, RTD or ATD measurements are needed for at least three distinct pairs of geographically dispersed BTSs. Based on the measured E-OTD values the location of MS can be calculated either in the network or in the MS itself, if all the needed information is available in MS.

5.3.2 E-OTD Position Calculation Types

The location estimate is performed by a Position Calculation Function (PCF) located in the MS or in the network. With the same network architecture, MS functions, LMU functions and measurement inputs the PCF can be based on one of two possible types of E-OTD location calculation; known as 'hyperbolic' and 'circular'.

The hyperbolic type is introduced in section (a) below followed by a brief description of the circular type in section (b).

a)
Hyperbolic Type


There are three basic timing quantities associated with this type of E-OTD location calculation:

-
Observed Time Difference (OTD). This means the time interval that is observed by a mobile station (MS) between the reception of signals (bursts) from two different Base Transceiver Stations (BTS) in the cellular network. A burst from the BTS 1 is received at the moment t1, and a burst from the BTS 2 is received at the moment t2. Thus the OTD value in this case is: OTD = t2 - t1. If the two bursts arrive exactly at the same moment, then OTD = 0.

-
Real Time Difference (RTD). This means the relative synchronization difference in the network between two BTSs. If the BTS 1 sends a burst at the moment t3, and the BTS 2 at the moment t4, the RTD between them is: RTD = t4 - t3. If the BTSs transmit exactly at the same time that means that the network is synchronized and there is no need to calculate RTDs, hence RTDs = 0. 

-
Geometric Time Difference (GTD). This is the time difference between the reception (by an MS) of bursts from two different base stations due to geometry. If the length of the propagation path between the BTS 1 and the mobile station is d1, and the length of the path between the BTS 2 and the MS is d2, then GTD = (d2 - d1) / (, where ( is the speed of radio waves. If both BTSs are exactly as far from the MS, GTD = 0.


The relationship between these three quantities is:

OTD = RTD + GTD.


OTD is the quantity measured by the mobile station to be located. RTD is a quantity related to the network (BTSs). GTD is a quantity related to the geometry of the situation (positions of the mobile and BTSs). GTD is the actual quantity that is useful for location purposes, since it contains information about the position of the MS. If only OTD values are known, no location can be calculated, thus also RTD values must be known.


The MS location estimate can be computed in the MS or by the network depending on implementation. Whichever method is used the MS location estimate is calculated from the GTD (as calculated from the measured OTD and known or measured RTD) based on the fact that the possible location for the MS observing a constant GTD value (d2 - d1 = constant) between two BTSs is a hyperbola.  The MS can be located in the intersection of two hyperbolas obtained with three base stations and two GTDs.  If more GTDs are available the possible location area can be reduced.


[image: image2.wmf]d

d

1

2

Base

Station

Base

Station

Base

Station

Measurement

error margin
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The dashed line represents the determined GTD, i.e., represents a constant difference in distance to two BTSs.  The measurement result is not exact, thus the grey area represents the area of uncertainty for the MS based on that OTD measurement.  The black area at the intersection of the hyperbolas is the calculated most likely location for the MS.

b)
Circular Type


The E-OTD Circular location calculation type does not measure time differences at the MS and LMU between the receipt of signals from pairs of BTSs.  Rather, it measures the arrival time of those signals individually.

There are five quantities associated with the circular type of E-OTD:

-
The Observed Time at the MS (MOT) at which a signal arrives from a BTS.  This is a time measured against the MS's internal clock.

-
The Observed Time at the LMU (LOT) at which a signal arrives from a BTS.  This is a time measured against the LMU's internal clock.  In general there will be a time offset ( between the MS's internal clock and the LMU's internal clock.

-
The geometrical Distance from MS to BTS (DMB).

-
The geometrical Distance from LMU to BTS (DLB).


These quantities are related by:


DMB - DLB = ( (MOT - LOT + ()


in which ( is the speed of the signals (speed of radio waves) and there will be one such equation for each BTS. Since there are three unknown quantities (MS position x, y and clock offset () at least three BTSs are required to solve for the MS location and the unknown clock offset (. This is the same total number of BTSs as is required for the hyperbolic type of E-OTD. The position of the MS is defined by the intersection of circles centred on the BTSs common to observations made by the MS and LMUs, hence the notation 'circular' as the E-OTD type as shown in the figure below.
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The hyperbolic and circular types differ in the relationship between the MS measurement error margin and the geographic location of the MS relative to BTSs. In all other respects the implementation is identical.

5.3.3 E-OTD Implementation Issues

If the Timing Advance (TA) to the serving BTS is known, i.e. the mobile station is in active mode, the ring  represented by the TA can also be included in location determination. For a sectored serving cell the TA ring will be reduced to a segment of a ring thus improving the location estimate.

The E-OTD calculation process depends on the MS being able to 'hear' a sufficient number of BTSs whose timing is known. The 'hearability' of the E-OTD location method depends on many factors but in general good hearability results in a system with improved coverage and location determination accuracy.

Both hyperbolic and circular types require a minimum of three spatially distinct BTSs. However use of more measurements brings improved accuracy.

Location is possible when the MS is idle or dedicated (in-call) modes. Continuous location (tracking) or single location can be requested. Continuous location is more feasible in the mobile based architecture, because uplink signalling is not needed at all.  If BTSs transmit their coordinates and RTD values by using a method such as Cell Broadcast (SMS-CB), the MS has sufficient information to calculate its own position when in idle mode. This idle mode location makes possible a very high frequency of measurements, thus allowing use of advanced filtering both in OTD measurements and location estimates. 

An implementation of the E-OTD location method is expected to require an LMU to BTS ratio between 1:3 and 1:5.

5.4 Global Positioning System (GPS) positioning mechanism

The Global Positioning System (GPS) method refers to any of several variants that make use of GPS signals or additional signals derived from GPS signals in order to calculate MS position.  These variants give rise to a range of optional information flows between the MS and the network.  One dimension of variation is where position calculation is performed at: a) MS-based Position Control Function (PCF) or b) network-based Position Control Function PCF.  Another dimension is whether "assistance data" is required - irrespective of where position calculation is performed.  Examples of assistance data include differential GPS data; lists of satellites in view based on approximate MS position, etc.  A third dimension of variation is closely related to the preceding, namely, the origin and distribution of any assistance data.  For example, even while assistance data may be required of a GPS method, it may be optional that the assistance data originates from and is distributed within and by the PLMN, VPLMN, etc.

5.4.1 Description Of Assisted GPS

The Global Positioning System (GPS) provides a means to determine position, velocity, and time around the globe. GPS uses satellites emitting radio signals to the receiver to determine the position of the receiver, often on the surface of the Earth. A satellite system generally consists of satellites, receivers, and monitor and control stations as shown in the figure below.
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 A typical GPS positioning system 

The four satellites shown above emit radio signals from space. GPS satellites transmit a direct-sequence spread-spectrum (DS-SS) signal at 1.023 Mchip/sec with a code period of one millisecond. All satellites transmit at 1575.42 MHz using code-division multiple-access (CDMA) techniques.  Each satellite's DS-SS signal is modulated by a navigation message that includes accurate time and a description of the satellite's position.  A GPS receiver in the vehicle, connected with an antenna which receives the radio signals to calculate its position. The ground network includes several monitor stations that observe the satellite signals and a master control station that uploads the data to the satellites. The GPS constellation consists of 24 satellites orbiting at an altitude of approximately 20,183.61 kilometers above the Earth's surface.

Positioning measurement of the GPS receiver is based on the time of arrival (TOA) principle. When 4 or more satellites are in line of sight from the receiver (or receiving antenna), the latitude, longitude, and altitude of the receiver are determined. Standard positioning service (SPS), a grade of GPS service, is available for commercial applications, including the mobile phone location determination. The SPS is deliberately degraded by selective availability (SA) and provides horizontal position accuracy within a circle of 100-meter radius 95% of the time. Much better accuracy can be obtained by utilizing differential correction techniques. Differential GPS (DGPS) can reduce the position error to under 5 meters, while SA and other error factors are in effect. It uses a reference receiver at a surveyed position to send correcting information to a mobile receiver over a communications link.

As mentioned above, GPS is based on the TOA principle.  The figure below is used to depict a simplified two-dimensional view of this principle. A TOA system determines the position based on the intersection of the distance (or range) circles. The range is calculated from the signal transmission time, which is derived by multiplying the time by the speed of the signal. Three range measurements determine a unique position. Geometric accuracy is the highest within the triangle formed by the centers of the three circles. The accuracy gradually decreases as one moves away from the triangle. GPS uses the same principle, where the circle becomes the sphere in space and a fourth measurement is required to solve the receiver-clock offset. Because the receiver and satellite clocks are unsynchronized prior to the measurement, the signal transmission time determined by the GPS receiver is not the true transmission time. As a result, the corresponding range measurement becomes a pseudorange measurement.
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Time of Arrival (TOA) positioning system

To solve the clock offset between the receiver clock and satellite clock, a fourth satellite is used. Although the satellite clocks are unsynchronized, the individual clocks are modelled to meter-level accuracy by the GPS ground network.  As a result, both the receiver position and clock offset can be derived. 

There are four main functions for a conventional GPS receiver: 
1)
Measuring distance from the satellites to the receiver by determining the pseudoranges (code phases);

2)
Extracting the time of arrival of the signal from the contents of the satellite transmitted message;

3)
Computing the position of the satellites by evaluating the ephemeris data at the indicated time of arrival.;

4)
Determining the position of the receiving antenna and the clock bias of the receiver by using the above data items using an iterative solution.

5.4.2 Assisted-GPS

The basic idea is to establish a GPS reference network (or a wide-area differential GPS network) whose receivers have clear views of the sky and can operate continuously. This reference network is also connected with the GSM network. At the request of an MS- or network-based application, the assistance data from the reference network is transmitted to the MS to increase performance of the GPS sensor. For classification, when the position is calculated at the network, we call it mobile-assisted solution. When the position is calculated at the handset, we call it mobile-based solution. If implemented properly, the assisted-GPS method should be able to:

1)
Reduce the sensor start-up time;

2)
Increase the sensor sensitivity; and

3)
Consume less handset power than conventional GPS does.

Additional assisted data, such as differential GPS corrections, approximate handset location or cell base station location, and others can be transmitted to improve the location accuracy and decrease acquisition time.

If the GPS receiver does not know its approximate location, it will not be able to determine the visible satellites or estimate the range and Doppler frequency of these satellites. It has to search the entire code phase and frequency spaces to locate the visible satellites. For the code phase space, it spans from 0 to 1023 chips. For the frequency space, it spans from –4kHz to +4kHz. The relative movements between the satellites and receiver make the search even more time-consuming. Therefore, the time-to-first-fix (TTFF) is one important parameter to evaluate the quality of a receiver.  For standalone GPS, this time could be more than 10 minutes. Clearly, this is unacceptable for certain applications such as E911. By transmitting assistance data over the GSM network, we can reduce the TTFF of a receiver to a few seconds. It significantly reduces the search window of the code phase and frequency spaces, hence, the start-up time. Furthermore, because of the availability of the satellite navigation message transmitted via the cellular network, it can also assist the receiver when the satellite signals are too weak to demodulate useful information. It reduces the handset power dissipation by going to the idle mode whenever there is no need for location services.
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5.4.3 MS-Assisted GPS

The mobile-assisted solution shifts the majority of the traditional GPS receiver functions to the network processor. This method requires an antenna, RF section, and digital processor for making measurements by generating replica codes and correlating them with the received GPS signals.  The network transmits a very short assistance message to the mobile station (MS), consisting of time, visible satellite list, satellite signal Doppler, and code phase search window. These parameters help the embedded GPS sensor reduce the GPS acquisition time considerably. These assistance data are valid for a few minutes. It returns from the MS the pseudorange data processed by the GPS sensor. After receiving the pseduorange data, the corresponding network processor or location server estimates the position of the MS. The differential correction can be applied to the final result at the network side to improve the position accuracy.

5.4.4 MS-Based GPS

The MS-based solution maintains a fully-functional GPS receiver in the MS. This requires the same functionality as described for MS-Assisted GPS plus additional means for computing the positions of the satellites and ultimately the MS's position. In the initial start-up scenario, significantly more data must be provided to the MS than for the MS-assisted case.  However, this data is valid for four hours or more and can be updated as necessary over time.  Typical transmissions include time, reference location, satellite ephemeris and clock corrections.  If better position accuracy is required for certain applications, DGPS data must be transmitted to the MS frequently (approximately every 30 seconds). Since the DGPS data is valid for a large geographical area, one centrally located reference receiver can be used to service this large region.  The final position of the MS is generated at the MS itself. The calculated MS location can then be sent to an application outside of the MS if required.

MS related LCS Procedures & Protocols

Now that the overview on GERAN LCS methods have been described, this next section gives the LCS procedures and protocols descriptions from the MS point of view. All procedures and protocols mentioned are defined in LCS Stage 2 description and the appropriate L3 specifications. In an effort to assist the development of MS test cases for LCS methods, the protocols for assisted GPS (A-GPS) and Enhanced Observed Time Difference (E-OTD) have been provided. Note that the references in this section are referring to R98 specifications and the appropriate mirror references are found from R99 and Rel-4 specification versions.

5.5 MS Related LCS Procedures

The LCS procedures can be found from stage 2 GSM TS 03.71 [1] in R98/99 releases and from System Stage 2 3GPP 23.271 [2] & 3GPP GERAN stage 2, 43.059 [3] in Rel4. As indicated earlier, the procedures are identical from R98 to Rel4. In following sections a short description of MS related procedures are described and a reference to LCS stage 2 description is provided.

5.5.1 Mobile Terminated Location Request (MT-LR) & Network Induced Location Request (NI-LR)

The MT-LR and NI-LR procedures supports the MS position requests initiated from the network side clients. The MT-LR and NI-LR procedures are identical from the MS point of view. The difference is how the location request is processed in the network side (notification, privacy verification, provisioning of service, billing, etc…), from the MS point of view, only one type of procedure is seen.

The NI-LR procedure from MS point of view can be seen only in RRLP protocol level (see GSM TS 04.31 [4]). The SMLC (=Serving Mobile Location Center) starts RRLP protocol procedure towards the MS, and MS responds with measurements or location estimate back to SMLC. No notification or privacy verification is started towards the MS.

In the MT-LR procedure, the MSC/VLR may start a supplementary service procedure towards the MS, the SS procedure may be only notification to the MS about LCS client, or notification & privacy verification procedure to the MS. In privacy notification the information of locating client is sent to MS. In notification & privacy verification procedure the information of locating client is sent and the user acceptance is also requested. 

(Reference: The MT-LR procedure description can be found from sections 7.6.1, 7.6.2 and 7.6.3 in GSM 03.71 [1]. The NI-LR procedure can be found from section 7.6.4 and 7.6.5 in GSM 03.71 [1].

5.5.2 Mobile Originated Location Request (MO-LR)

The MO-LR procedure is initiated by MS client that requests the MS position estimate,  assistance data or deciphering keys from the network. The MO-LR procedure is started with and SS service request initiated by MS. The MSC/VLR forwards the request after subscription check to the SMLC, which in turn starts the RRLP procedure towards the MS. The SS and RRLP procedure is the same as in NI-LR and MT-LR cases.

(Reference: The MO-LR procedure description can be found from section 7.6.6 in GSM TS 03.71 [1].

5.5.3 MS Based Positioning Procedure

This procedure is for MSs that support position estimate calculation in MS. For this purpose the NW will broadcast the necessary assistance data to the MS using SMSCB service. SMSCB service is utilizing the normal and extended CBCH channels, also the SMSCB DRX service is specified as mandatory for this feature. The SMSCB messages can be ciphered and the deciphering keys are requested by MS using the MO-LR SS protocol. The assistance data broadcast messages are defined for E-OTD and A-GPS methods.

(Reference: The broadcast procedures can be found from section 10.7 in GSM TS 03.71 [1]. The broadcast messages are defined in GSM TS 04.35 [5]. The SMSCB message identifiers for E-OTD and A-GPS broadcast messages can be found from GSM TS 03.41 [15]

5.6  MS Related LCS Protocols

In this section two LCS protocols are shortly introduced, LCS SS protocol (GSM TS 04.30 [6] & GSM TS 04.80 [7]) and RRLP protocol (GSM TS 04.31 [4]). These two protocols are the only protocols visible for MS. Also the RR layer APDU container and segmentation mechanism is shortly described.

5.6.1 LCS SS Protocol

The LCS SS protocol contains two categories: Network Initiated Location Services Operations and Mobile Originated Location Service Operations.  

The network initiated service operation contains Location Notification procedure, which is used to notify the user about location procedure, or notify the user and ask user’s permission to establish a location procedure. In both cases the client’s name is shown to the user. In the privacy verification the user may accept or deny the location request. For reply there is a timer specified, and if the user has not replied to the request before timeout, then two options are valid in that case: negative response if no responsibly user, or positive response if no response by user. These two options are controlled by user’s subscription profile in HLR.

The mobile originated procedures are for MS requesting its own position or assistance data or deciphering keys. The MS can indicate in the request what is the request for, and in case of A-GPS assistance data request the MS can indicate what assistance data is requested.

(Reference: The SS protocol procedures can be found from GSM TS 04.30 [6] and GSM TS 04.80 [7].

5.6.2 RRLP Protocol

The RRLP protocol defines the procedures between MS and SMLC for E-OTD and A-GPS methods. The procedures are always initiated by SMLC. Following procedures are supported: Position Measure Procedure and Assistance Data Delivery Procedure. The Position Measure Procedure is used to provide assistance data and measure command to MS, and as response MS replies with position measurements or location estimate to the SMLC. The Assistance Data Delivery procedure is used to provide the assistance data to MS.

The RRLP messages can be long and a segmentation mechanism in downlink is provided by either RRLP layer or RR layer. To the uplink only RR layer segmentation mechanism is supported.

(Reference: The RRLP procedures (RRLP layer segmentation and message contents included) can be found from specification GSM TS 04.31 [4].

5.6.3 RR Layer Changes

The RRLP messages are packed to RR layer into Application Protocol Data Unit (APDU), a container which also provides segmentation mechanism for long RRLP messages. The APDU container is specified as a generic container, only RRLP content is currently specified. The segmentation mechanism is provided both uplink and downlink. In order to enable high priority RR messages (like handover) to get through, a preemption mechanism has been specified for the RR layer. The RRLP messages encapsulated to RR APDU container are low priority messages and the high priority messages can preempt the low priority messages from the transmission queue. The preemption mechanism is only valid in downlink direction.

(Reference: The RR layer LCS related changes can be found from GSM TS 04.08 [8] in sections 3.1.6, 3.4.21, 9.1, 9.1.53, 10.4, 10.5.2.48, 10.5.2.49 and 10.5.2.50. The GSM TS 04.05 [9] (section 4.2.5) and GSM TS 04.06 [10] (sections 4.1.3.8 and 5.5.8) have also modified to include the preemption definitions. 

6. Physical Layer Requirements

The MS’s physical layer requirements are specified for E-OTD method, all other location methods do not have any MS specific requirements for location measurements. The requirements specify the measurement error and how the 8-PSK modulated signals can be detected. Also the requirement for the BCCH carriers is specified related to training sequence used in BCCH carrier. The TOA and E-OTD operation with repeaters are also clarified. The background information for requirements is also clarified.

(Reference:  The E-OTD measurement requirements are specified in GSM TS 05.05 [11] (in annex I). The detection of 8-PSK modulated signals and the BCCH carrier training sequence requirement is specified in GSM TS 05.02 [12] (in section 5.2.3).  The background information for GSM TS 05.05 E-OTD requirements can be found from GSM TS 05.50 [13] (in annex V.6). The E-OTD operation with repeaters is clarified in GSM TS 03.30 (in annex D.12.2).

7. Recommendations

It is recommended that WG 4 reviews and understands each procedure listed above, and utilizes this information to create MS Test cases for LCS. 
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ANNEX A

The table below lists the GSM/GERAN 3GPP LCS specifications from Release 98 to Release 5.  This is provided for information and is not definitive.  For the latest specification refer to www.3GPP.org. 

	Number
	Title
	Responsible 
	Release 

	Stage 1 (Service Description)

	GTS 02.71
	Location Services (LCS); Service description, Stage 1
	3GPP SA 1
	GSM R98

	3GPP TS 22.071
	Location Services (LCS); Service description - Stage 1
	3GPP SA 1
	GSM R99

3GPP Rel 4

	Stage 2 (Functional Description)

	GTS 03.71
	Location Services (LCS) Stage 2
	3GPP SA 2
	GSM R98

GSM R99

	3GPP TS 23.271
	Functional stage 2 description of location services (GSM+UMTS)
	3GPP SA 2
	3GPP Rel 4

	3GPP TS 25.305
	Stage 2 Functional Specification of Location Services (LCS) in UTRAN
	3GPP RAN 2
	Rel 99

3GPP Rel 4

3GPP Rel 5

	3GPP TS 43.059
	Stage 2 Functional Specification of Location Services (LCS) in GERAN
	3GPP GERAN
	3GPP Rel 4

3GPP Rel 5

	3GPP TS 23.071
	Location Services (LCS); Stage 2 (UMTS only)
	3GPP CN
	GSM R99

	Stage 3 (Protocol Description)

	GTS 04.71
	Location Services (LCS); Mobile radio interface layer 3 Location Services (LCS) specification
	3GPP GERAN WG 2
	GSM R98

GSM R99

	3GPP TS 44.071
	Location Services (LCS); Mobile radio interface layer 3 Location Services (LCS) specification
	3GPP GERAN WG 2
	3GPP Rel 4



	GTS 08.71
	Location Services (LCS); Serving Mobile Location Centre - Base Station System (SMLC-BSS) interface; Layer 3 specification
	3GPP GERAN WG 2
	GSM R98

GSM R99

	3GPP TS 48.071
	Location Services (LCS); Serving Mobile Location Centre - Base Station System (SMLC-BSS) interface; Layer 3 specification
	3GPP GERAN WG 2
	3GPP Rel 4



	GTS 04.31
	Mobile Station (MS) - Serving Mobile Location Centre (SMLC); Radio Resource LCS Protocol (RRLP)
	3GPP GERAN WG 2
	GSM R98

GSM R99

	3GPP TS 44.031
	Location Services (LCS); Mobile Station (MS) - Serving Mobile Location Centre (SMLC) Radio Resource LCS Protocol (RRLP)
	3GPP GERAN WG 2
	3GPP Rel 4

	GTS 09.31
	Base Station System Application Part LCS Extension (BSSAP-LE)
	3GPP GERAN WG 2
	GSM 98

GSM 99

	3GPP TS 49.031
	Location Services (LCS);Base Station System Application Part LCS Extension (BSSAP-LE)
	3GPP GERAN WG 2
	3GPP Rel 4

	GTS 08.31
	Serving Mobile Location Centre (SMLC) - Serving Mobile Location Center (SMLC); SMLC Peer Protocol (SMLCPP) 
	3GPP GERAN WG 2
	GSM 98

GSM 99

	3GPP TS 48.031
	Location Services (LCS); Serving Mobile Location Centre - Serving Mobile Location Centre (SMLC - SMLC); SMLCPP specification
	3GPP GERAN WG 2
	3GPP Rel 4

	GTS 04.35
	Broadcast Network Assistance for Enhanced Observed Time Difference (E-OTD) and Global Positioning System (GPS) Positioning Methods
	3GPP GERAN WG 2
	GSM R98

GSM R99

	3GPP TS 44.035
	Location Services (LCS); Broadcast Network Assistance for Enhanced Observed Time Difference (E-OTD) and Global Positioning System (GPS) Positioning Methods
	3GPP GERAN WG 2
	3GPP Rel 4
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