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Foreword

This Technical Specification has been produced by the 3 Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document specifies the stage 2 of the LoCation Services (LCS) feature in GERAN, which provides the
mechani sms to support mobile location services for operators, subscribers and third party service providers.

The purpose of this stage 2 specification is to define the GERAN LCS architecture, functional entities and operations to
support location methods. This description is confined to the aspects of L CS within the GERAN and does not define nor
describe the LCS entities or operations within the Core Network.

Location Services may be considered as a network provided enabling technology consisting of standardised service
capabilities, which enable the provision of location applications. The application(s) may be service provider specific.
The description of the numerous and varied possible location applications which are enabled by this technology are
outside the scope of the present document. However, clarifying examples of how the functionality being described may
be used to provide specific location services may be included.

This stage 2 specification coversthe GERAN LCS functional model and entities, the location methods, state
descriptions, and message flows.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

- For aspecific reference, subsequent revisions do not apply.

- For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
aGSM document), a non-specific reference implicitly refersto the latest version of that document in the same
Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

[2] 3GPP TS 22.071: "Location Services (LCS); Service description - Stage 1".

[3] 3GPP TS 22.101: " Service aspects; Service principles'.

[4] 3GPP TS 23.007: "Restoration procedures’.

[5] 3GPP TS 23.032: "Universal Geographical Area Description (GAD)".

[6] 3GPP TS 23.041: "Technical realization of Cell Broadcast Service (CBS)".

[7] 3GPP TS 23.271: "Functional stage 2 description of location services'.

[8] 3GPP TS 24.008: "Mobile Radio Interface Layer 3 specificiation; Core Network Protocols;
Stage 3".

[9] 3GPP TS 24.030: "Location Services (LCS); Supplementary service operations; Stage 3".

[10] 3GPP TS 24.080: "Mobile radio Layer 3 Supplementary Services specification; Formats and
coding".

[11] 3GPP TS 43.051: "GSM/EDGE Radio Access Network (GERAN) overall description; Stage 2".

[12] 3GPP TS 44.006: "Mobile Station - Base Station System (MS - BSS) interface; Data Link (DL)
layer specification".

[13] 3GPP TS 44.012: " Short Message Service Cell Broadcast (SMSCB) Support on the Mobile Radio
Interface”.

[14] 3GPP TS 44.018: "Mobile radio interface layer 3 specification; Radio Resource Control Protocol”.
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3GPP TS 44.031: "Location Services (LCS); Mobile Station (MS) - Serving Mobile Location
Centre (SMLC) Radio Resource LCS Protocol (RRLP)".

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 TS 44.071: "Location Services (LCS); Mobile Radio Interface Layer 3 Location Services
(LCS) specification”.

3GPP TS 48.008: "M obile-services Switching Centre - Base Station System (MSC - BSS)
interface; Layer 3 specification”.

3GPP TS 48.031: "Location Services (LCS); Serving Mobile Location Centre - Serving Mobile
Location Centre (SMLC - SMLC); SMLCPP specification".

3GPP TS 48.058: "Base Station Controller - Base Transceiver Station (BSC - BTS) interface;
Layer 3 specification”.

3GPP TS 48.071: "Serving Mobile Location Center — Base Station System (SMLC-BSS) interface;
Layer 3 specification”.

3GPP TS 49.031: "Location Services (LCS); Base Station System Application Part LCS Extension
(BSSAP-LE)".

TIA/EIA/1S-J-STD-036 (2000): "Emergency Services Data Communications'.

3GPP TS 48.016: "General Packet Radio Service (GPRS); Base Station System (BSS) - Serving
GPRS Support Node (SGSN) interface; Network Service".

3GPP TS 48.018: "General Packet Radio Service (GPRS); Base Station System (BSS) - Serving
GPRS Support Node (SGSN); BSS GPRS Protocol (BSSGP)".

3GPP TS 44.064: "Mobile Station - Serving GPRS Support Node (MS-SGSN) Logical Link
Control (LLC) layer specification"”.

3GPP TS 23.060: "General Packet Radio Service (GPRS); Service description; Stage 2".

3GPP TS 44.060: "Genera Packet Radio Service (GPRS); Mobile Station (MS) - Base Station
System (BSS) interface; Radio Link Control/Medium Access Control (RLC/MAC) protocol”.

3GPP TS 25.410: "UTRAN lu Interface: General Aspects and Principles'.
3GPP TS 25.411: "UTRAN lu Interface Layer 1".

3GPP TS 25.412: "UTRAN lu Interface signalling transport".

3GPP TS 25.413: "UTRAN lu Interface RANAP signalling”.

Void.

IETF STD 51, RFC 1661(07/1994): "The Point-To-Point Protocol (PPP)".
IETF STD 51, RFC 1662(07/1994): "PPP in HDLC-like Framing".

IETF RFC 2507(02/1999): "I P header compression”.

IETF RFC 1990(07/1994): "The PPP Multilink Protocol (MP)".

IETF RFC 2686(09/1999): "The Multi-Class Extension to Multi-Link PPP".
IETF RFC 2509(02/1999): "IP Header Compression over PPP".

3GPP TS 43.064: "General Packet Radio Service (GPRS); Overall description of the GPRS radio
interface; Stage 2".

3GPP TS 45.010: "Radio subsystem synchronization".
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3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document the following terms and definitions apply and the terms and definitions given
in3GPP TS 22.101.

A/Gb mode: see 3GPP TS 43.051 [11].
Coverage Class. see 3GPP TS 43.064 [41].
EC-GSM-l0T: see 3GPP TS 43.064 [41].
EC operation: see 3GPP TS 43.064 [41].
lu mode: see 3GPP TS 43.051 [11].

LCS (LoCation Services): LCSisaservice concept in system standardisation. LCS specifies all the necessary network
elements and entities, their functionality, interfaces, as well as communication messages, necessary to implement the
positioning functionality in a cellular network.

NOTE 1: LCS does not specify any location based (value added) services except locating of emergency calls.

L CS Client: 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).

L CS Server: software and/or hardware entity offering LCS capabilities. The LCS Server accepts requests, services
reguests, 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: 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.

L ocation Request: request for a Location Estimate and optionally a Vel ocity Estimate.

M obile Assisted positioning: any mobile centric positioning method (e.g. E-OTD, A-GNSS) in which the M S provides
position measurements to the network for computation of alocation estimate by the network. The network may provide
assistance data to the M S to enable position measurements and/or improve measurement performance.

M obile Based positioning: any mobile centric positioning method (e.g. E-OTD, A-GNSS) in which the M S performs
both position measurements and computation of alocation estimate and where assi stance data useful or essential to one
or both of these functionsis provided to the MS by the network. Position methods where an MS performs
measurements and |ocation computation without network assistance data are not considered within this category.

M obile Station: consists of Mobile or User Equipment (ME or MS) with avalid SIM or USIM attached.

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

Positioning technology (/locating technology): technology or system concept including the specifications of RF
interfaces, data types, etc. to process the estimation of a geographical location, e.g. A-GNSS 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 absol ute time
difference (ATD) or the signals of another Base Station (RTD).

RRLP maximum PDU size: maximum PDU size for the RRLP protocol, which is 242 octets.
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RRL P pseudo-segmentation: use of several RRLP data messages to deliver alarge amount of information.
Target M'S. Mobile Station being positioned.

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

Type B LMU: isaccessed over the Abisinterface from aBSC. The LMU may be either a standal one network element
addressed using some pseudo-cell 1D or connected to or integrated in aBTS.

Velocity Estimate: speed and bearing of an M S and/or valid Mobile Equipment (ME), expressed as speed in kilometres
per hour and bearing in degrees measured clockwise from North.

NOTE 2: Abisinterface is beyond the scope of the present document.

3.2 Abbreviations

For the purposes of the present document, the following abbreviations and the abbreviations given in 3GPP TS 21.905
apply.

2G- Second Generation

3G- Third Generation

A Interface between GERAN BSS and MSC
A-GNSS Assisted GNSS

A-GPS Assisted GPS

ATD Absolute Time Difference

BDS BeiDou Navigation Satellite System

BSSLAP Base Station System Application Part
BSSAP-LE Base Station System Application Part LCS Extension
CBC-BSC Interface between CBC and BSC

CBC-SMLC Interface between CBC and SMLC

D-GPS Differential GPS

E-OTD Enhanced Observed Time Difference

GNSS Globa Navigation Satellite System (e.g. GPS, Galileo)
lu Interface between GERAN BSS and 3G Core Network
lu-cs Interface between GERAN BSS and 3G MSC
lu-ps Interface between GERAN BSS and 3G SGSN
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

MTA Multilateration Timing Advance

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

ubDT SCCP Unitdata message

Um GERAN Air Interface

UTC Universal Coordinated Time

U-TDOA Uplink Time Difference of Arrival
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4 Main concepts

A genera description of location services and the service requirementsis given in the specification 3GPP TS 22.071.
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 M S,
or by aclient 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.

Five positioning mechanisms are supported for LCS: Timing Advance (TA), Enhanced Observed Time Difference (E-
OTD), Global Navigation Satellite System (GNSS) based positioning (A-GNSS), Uplink Time Difference Of Arrival
(U-TDOA), and Multilateration based positioning.

4.1 Assumptions
- SMLCiseither an integrated functionality in BSS or a standal one network element within GERAN.

- LMU iseither an integrated functionality in BTS (Type B LMU) or a standalone network element (Type A
LMU) where communication is over the Um interface.

4.2 Standard LCS Methods

4.2.1 Timing Advance

The TA isbased on the existing Timing Advance (TA) parameter. The TA value is known for the serving BTS. To
obtain TA valuesin case the MSisin idle mode a specia procedure, not noticed by the GSM subscriber (no ringing
tone), is set up. The cell-1D of the serving cell and the TA isreturned as the result of the TA.

TA may be used to assist al positioning mechanisms.

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

The E-OTD method is based on measurements in the M S of the Enhanced Observed Time Difference of arrival of
bursts of nearby pairs of BT Ss. 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 MSitself, if all the needed information is availablein MS.

4.2.3  Global Navigation Satellite System (GNSS) based positioning
mechanism

Global Navigation Satellite System (GNSS) refers to satellite systems that are set up for positioning purposes. Systems
belonging to this category, that are operational today or will be in the near future are e.g., GPS, Galileo, Satellite Based
Augmentation Systems (SBAS), Modernized GPS, Quasi Zenith Satellite System (QZSS), GLONASS and BDS.

A mobile station with GNSS measurement capability may operate in an autonomous mode or in an assisted mode for
example M S-assisted or M S-based mode. In autonomous mode M S determines its position based on signal s received
from GNSS without assi stance from network. In assisted mode, M S receives assi stance data from network. MS may
support one or several GNSSs and the assistance data content may vary depending on this capability.

A-GNSS refers to a concept which supports several global navigation satellite systems and their different navigation
signals, including e.g. GPS, Galileo, Satellite Based Augmentation Systems (SBAS), Modernized GPS, Quasi Zenith
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Satellite System (QZSS), GLONASS and BDS. The assistance data shall enable combined usage of satellite signals
belonging to different GNSS or simple usage of one GNSS system independently from the other.

4.2.4 Uplink Time Difference of Arrival (U-TDOA) positioning mechanism

The U-TDOA positioning method is based on network measurements of the Time Of Arrival (TOA) of aknown signal
sent from the mobile and received at three or more LMUs. The known signal is the normal bursts generated by a mobile
while in the dedicated mode; either on the SDCCH or TCH. The method requires LM Us in the geographic vicinity of
the mobile to be positioned to accurately measure the TOA of the bursts. Since the geographical coordinates of the
measurement units are known, the mobile position can be calculated via hyperbolic trilateration. This method will work
with existing mobiles without any modification.

4.2.5 Multilateration Positioning Methods

4251 Multilateration Timing Advance

This positioning method is based on one or more BSS acquiring Timing Advance (TA) information from a set of cells
selected by the MS wherein the MSis triggered to perform MTA as aresult of receiving a RRLP message from an
SMLC indicating the MTA positioning method is to be used (see sub-clause 9.6.2). The MS sends a M uultilateration
access request in each of the cellsit selects for performing the Multilateration Timing Advance procedure.

4252 Multilateration OTD

This positioning method is based on measurements in the M S of the Observed Time Difference of arrival of bursts of a
set of nearby BT Ssrelative to the serving BTS and reporting of these measurements to the serving BTS, similar as for
the E-OTD positioning method, see subclause 4.2.2. The network provides assistance information to the M S about the
co-sited neighbour cells to optimise the OTD measurements at MS. No LMUSs are required for this positioning method.
Based on the measured Multilateration OTD values and timing advance estimated with the serving base station, the
location of the MSis calculated in the network.

5 GERAN LCS Architecture

Figure 1 shows the general arrangement of the Location Service feature. Thisillustrates, generaly, the relation of LCS
Clients and serversin the core network with the GERAN. The definition and operation of LCS entities operating in the
core network is outside the scope of the present document. The LCS entities within the GERAN communicate with the
Core Network (CN) across the A, Gb and lu interfaces.

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 M S application or accessed by the M S 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,
Gb or luinterface and passes these to the SMLC. The SMLC may be a standalone network element or functionality that
isintegrated to the BSC. LCS entities then manage the GERAN resources, including the base station, the LMU, the M S
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

5.1 LCS Operations

The schematic functional description of LCS operationsis defined in figure 2.
Upon request from the LCS entities or for internal operations, the GERAN LCS functional entities will:
- reguest measurements, typically from the M S and/or one or more BT S radio apparatus;
- send the measurement results to the appropriate calculating function within GERAN;
- receive the result from the cal culating function within GERAN;
- send theresultsto the LCS entities in the core network or to application entities within GERAN.

In the event that the client is internal to GERAN the request may be made directly to the GERAN LCS entities asthe
internal clients are considered to be "pre-authorised".

As part of its operation, the GERAN LCS calculating function may require additional information. This may be
obtained by the function directly by communication with a database, or it may be through a request to GERAN LCS
entities that will mediate the request and return of information from the appropriate database (or databases if more than
oneis needed to fulfil the requests).

There may possibly also be available independent information that is able to supply the location information directly, or
may be able to supply auxiliary information to the calculation function. The GERAN LCS co-ordination function, as
part of its activity to supervise the location process, may query the MS or other elements of the GERAN to determine
their capabilities and use this information to select the mode of operation.

This general operation is outlined in the following (generic) sequence diagram Figure 2. Thisfigure is not intended to
show the complete LCS operation for GERAN, but to simply to outline the basis for operation. Location measurements
may continually be taken in the background.
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Figure 2. General sequence for LCS operation

5.2 High-Level Functions

Several functional groupings may be defined to describe the LCS. These groupings occur in both the Core Network and
the GERAN. The overall LCS functional grouping is described in the system stage 2, 3GPP TS 23.271. Each grouping
encompasses a number of functional components and functions.

The functions within the GERAN are described in more detail in the following clauses of the present document.
Within GERAN the functional entities may be grouped as follows:

- thelnternal Client group;

- the GERAN System Handling group;

- the Positioning group.

The LCS functional diagram shown in figure 3 depicts the interaction of the LCS functional entities within the GERAN.
The GERAN uses the various LCS components to provide the target MS Location Information to the internal LCS
client.
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Figure 3: GERAN LCS Capability Functional Diagram

521 Co-ordination, Measurement and Calculation Functions

These GERAN functions (including functions in the System handling and Positioning groups) provide the
co-ordination, measurement and cal culation functions needed to provide alocation estimate. The functions interface
with the requesting application and select the appropriate location method and speed of response. The functions
co-ordinate the operations of the radio and measurement equipment to transmit the needed signals and to make the
needed measurements. The functions may also access databases or other sources of information appropriate for the
location method. The functions also provide the cal culation functions appropriate for the location method to estimate
the M S location and the accuracy of the report. The functions also may record information on the usage of the LCS that
may be used for administrative purposes (e.g. forwarded to a billing function in the Core Network). If needed by the
location method, the functions will ensure the broadcast of information and gather and update information concerning
GERAN operating parameters (e.g. timing of BT S transmissions) needed for LCS operations.

These entities are mainly concerned with the location method, controlling the radio equipment and performing the
calculations to determine the location and thus may be associated with the SMLC in the GERAN. These functions may
receive location requests from either the core network or from applications internal to the GERAN.

These functions communicate with the core network across the A, Gb and lu interfaces, and with the BTS and LMU
and with the M S across the Um interface.
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5.3 GERAN LCS Functional Entities

5.3.1 Internal Client Group

53.1.1 Internal GERAN Location Client Function (LCF)

The Location Client Function (LCF) represents alogical interface between the internal GERAN LCS applications and
the LCS BSC Handling entities (e.g. the Location System Control Function (LSCF) in the BSC).

NOTE: Thereisnot necessarily arequirement for aLCCF (Location Client Control Function) for the GERAN
Internal Client asis described for external clientsin the system stage 2 specification, 3GPP TS 23.271.

The GERAN may make use of location information for internal operations such as location assisted handover. In such a
case, a LCF representing the internal GERAN L CS application may communicate with the LSCF to request and receive
the location information.

5.3.2 GERAN System Handling group

5.3.2.1 GERAN Location System Control Function (LSCF)

The GERAN Location System Control Function is responsible for co-ordinating location requests. This function
manages call-related and non-call-related location requests and allocates network resources for handling them. This
function "insulates" the Location clients in the Core Network from the detailed operation of the location method in
order that the GERAN may be used by several types of core network and with several location methods.

The LSCF provides flow control between simultaneous location requests. Simultaneous location requests must be
gueued in a controlled manner to account for priority requests (e.g. for Emergency Clients). The details of the flow
control, priority selection and queuing are beyond the scope of the present document.

The LSCF will select the appropriate location method based on the availability of resources and parameters of the
location request. The LSCF coordinates resources and activities needed to obtain data (e.g. base station geographic
coordinates) needed for the location method. It also records LCS usage data for the location service request that may be
passed to aLocation System Recording Function (LSRF) or O&M function in the Core Network.

5.3.2.2 GERAN Location System Operations Function (LSOF)

The Location System Operations Function (L SOF) is responsible for provisioning of data, location capabilities, data
related to clients and subscription (LCS client data and M S data), fault management and performance management of
LCS within the BSC.

An LSOF may be associated with each entity. The LSOF interacts with Internal (O& M) Clients for administration and
mai ntenance of the data.

5.3.2.3 Location System Broadcast Function (LSBcF)

The Location System Broadcast Function (L SBcF) provides broadcast capability. The LSBcF capability isonly used
when broadcast datais required for E-OTD or A-GNSS positioning methods. Broadcast information (such as the
geographic coordinates of the base stations) may be required, for example, to support a Position Calculation Function
(PCF) located in the mobile station. These broadcasts may also include other information (such as currently observable
satellites) that may assist aMSin the use of external location services.

The information to be broadcast is selected based on the location techniques offered for use by the LCS and the needs of
the MS. This broadcast information may be specially coded (i.e. encrypted) to ensure its availability only to subscribers
of the service. The use of broadcasts or other methods for signalling to the M'S may be sel ected based on the chosen
location method.
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The information to be broadcast includes for example:
1. E-OTD Assistance:
- Reference Time;
- Neighbour Channel Time Slot Scheme;
- Information about sectored neighbour channels;
- Neighbour channel 51 Multiframe Offset values,
- Neighbour channel BCC values;
- RTD Drift Factor values (ciphered if active);
- Neighbour channel RTD values (ciphered if active);
- Serving cell and neighbour cell location information (ciphered if active).

2. A-GNSS Assistance Data:

Broadcasted assistance data may be the same as in A-GNSS point-to-point signalling.

5.3.3 Positioning group

5.3.3.1 GERAN Position Radio Co-ordination Function (PRCF)

The GERAN Position Radio Control Function manages a location request for aM S through overall co-ordination and
scheduling of resources to perform location measurements. This function interfaces with the PSMF, the PRRM and the
PCF. The PRCF determines the location method to be used based on the location request, the QoS, the capabilities of
the GERAN, and the M S's capabilities. The PRCF also manages the needed radio resources through the PRRM. It
determines which PSMFs are to be involved, what to measure, and obtains processed signal measurements from the
PSMF.

Some location methods may involve measurements made at the MS. In this case the PRCF interfaces with the MSto
obtain the measurements (or the location results if they have been determined by the MS). Some location methods may
involve measurements or information from several sources, including radio units at several BT Ss and involve a series of
transmissions and receptions. The PRCF entity also provides ancillary measurements in case of network-assisted
location method. Ancillary information may be extracted from navigating systems like GNSS.

The PRCF forwards the signal measurement data to the PCF.

It isthe function of the PRCF to co-ordinate the sequence of activities and compensate for failures (if they occur) to
provide the location estimate.

5.3.3.2 GERAN Position Calculation Function (PCF)

The GERAN Position Calculation Function is responsible for cal culating the location of the MS. This function applies
an algorithmic computation on the collected signal measurements to compute the final location estimate and accuracy.

The PCF would aso be responsible for calculating the speed and bearing of the MS when reported. This function
applies an algorithmic computation on the collected signal measurements to compute the final velocity estimate and
uncertainty.

It may obtain related data (e.g.: base station geographic coordinates) needed for the calculation. There may be more
than one calculating function available within, or associated with, the calculation function of the GERAN.

The Position Calculation Function is also responsible for estimating the accuracy of the location estimate.
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5.3.3.3 GERAN Position Signal Measurement Function (PSMF)

The GERAN Position Signal Measurement Function (PSMF) is responsible for performing and gathering uplink or
downlink radio signal measurements for use in the calculation of a MS's location and velocity. These measurements can
be location related or ancillary.

There may be one or more PSMF within a GERAN and they may be located at the MS or a Location Measurement Unit
(LMU). The PSMF, generally, may provide measurement of signals (i.e. satellite signals) in addition to measurements
of the GERAN radio transmissions. The measurements to be made will depend on the selected |ocation method.

5.3.34 GERAN Position Radio Resource Management (PRRM)

The GERAN Position Radio Resource Management entity is responsible for managing the effect of LCS operations on
the overall performance of the radio network. This may ensure, for example, that the operation of the PSMF does not
degrade the QoS of other calls.

5.4 Assignment of LCS Functional Entities to GERAN Elements

The following Table 1 shows the generic configuration for different location methods, including network-based,
mobile-based, mobile-assisted and network-assisted methods. With this approach both the network and the mobiles are
able to measure the timing of signals and compute the mobile's |ocation and velocity estimate. Depending on the
applied location method it is possible to utilise the corresponding configuration containing all needed entities. For
instance, if a network-based location method is applied, the entities that are involved in measuring the mobile's signal
and calculating its location estimate are alocated to the network elements of the access network. On the other hand, in
case mobile-based or network-assisted methods are used these entities should be allocated to the mobile station.

Table 1: Example Allocation of LCS Functional Entities to Network Elements

MS LMU SMLC BSC

LCF X X
LSBcF X

LSCF X
PRCF X

PCF X X

PRRM X
PSMF X X

LSOF X X X

5.5 Functional Description of GERAN LCS Network Elements

5.5.1 BSC

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

5.5.2 SMLC

The SMLC iseither 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 amobile. It also calculates the final location and velocity 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 M S subscribersin the areathat it serves. The SMLC is administered with the
capabilities and types of measurement produced by each of its LM Us (only applicable for positioning methods that
make use of LMUs).
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5.5.3 CBC

For Location Services, when a Cell Broadcast Center (CBC) is associated with aBSC, the SMLC may interfaceto 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 3GPP TS 23.041).

5.5.4 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 cal cul ations 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 BT S transmissions) or when there are significant changesin
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 aBTS. The
Multilateration based positioning methods does not make use of LMUs.

An LMU makes radio measurements to support one or more positioning methods; these assistance measurements are
specific to all MSsin acertain 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 assi stance 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).

5.5.5 MS

The M S 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 M S and/or satellite signals. The MS may include the needed
measurement and cal culation functions to determine the M S's location with or without assistance of the GERAN LCS
entities.

6 Signalling Protocols and Interfaces

6.1 Protocol layering in A/Gb mode
6.1.1 Generic Signalling Model

Figure 4 shows the generic signalling model applicable to LCS for signalling interaction in which an SMLC forms at
least one of the signalling end points.
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Figure 4. Generic Model for LCS Signalling to an SMLC

The functions performed by each protocol layer are as follows:

a)

b)

©)

d)

€)
f)
9)

6.1.2

LCS application protocol — this depends on the other signalling end point (e.g. whether atarget MS or LMU) and
may be absent if supported in the BSSAP-LE layer. The application protocol supports specific LCS functions
(e.g. positioning measurements, assi stance measurements) and is independent of lower protocol layers.

BSSAP-LE —thisis an extension of BSSAP and carries the LCS application protocol signaling units. Necessary
functionsinclude identification of the L CS application protocol and identification, where not provided by the
network layer, of the two end points. This layer can be relayed by an intermediate entity or mapped into an
equivalent layer 3 protocol used by the other signaling end point. This layer supports segmentation of LCS
application layer protocols.

Network Layer — provides signaling transport between the SMLC and either the other end point or some
intermediate entity at which the BSSAP-LE layer isrelayed or mapped. The network layer may support
connection oriented or connectionless signaling. For second generation circuit oriented applications, the network
layer is provided using either MTP or M3UA/SCTP and SCCP. This layer supports segmentation of LCS
application layer protocols.

Physical Layer — When MTP is used as transport protocol, SS7 signaling links are supported by the physical
layer. It is recommended that when I P transport (via M3UA/SCTP) is used, the datalink layer isimplemented
using Ethernet. A node using | P transport having interfaces connected vialow bandwidth PPP links like EL/T1
shall also support | P Header Compression [37] and the PPP extensions ML/MC-PPP [38], [39]. In this case, the
negotiation of header compression [37] over PPP shall be performed according to [40].

L3 —aprotocol layer compatible with or the same as BSSAP-LE.
L2 —logica link layer for the other endpoint

L1 - physical layer for the other end point.

Message Segmentation in A/Gb mode

M essage segmentation is needed to transport any large L CS message that exceeds the message size limitation supported
by any GSM interface over which transport is needed.

6.1.2.1

Network Level Segmentation

Segmentation and reassembly of large SML CPP messages at the network (e.g. SCCP) level may be supported. For
message transfer over any interface where network level segmentation is not supported, segmentation at the application
level shall be used. This may require support of both network and intermediate level segmentation by certain
intermediate entities.
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6.1.2.2 Intermediate Level Segmentation

The segmentation of SMLCPP 3GPP TS 48.031[19], messages i s supported by segmentation mechanisms defined in
3GPP TS 48.008 [18], and 3GPP TS 49.031][22]. The sending, receiving and all intermediate entities supporting
segmentation shall ensure reliable and sequenced delivery of the message segments by appropriate use of the
capabilities supported by lower transport and network level protocols.

For support of legacy (Rel4 and older) MS and GERAN, there are segmentation mechanisms defined in the RR layer
(3GPP TS 44.018 [14]) and BSSAP-LE layer (3GPP TS 49.031 [22]) for segmentation of RRLP (3GPP TS 44.031)
messages, which need to be supported by the M S, BSS, and SMLC in the uplink direction in the CS domain and by the
MS and BSS for the downlink direction in the CS domain.

6.1.2.3 RRLP Pseudo-Segmentation

The use of several RRLP messages to deliver alarge amount of information is called "RRLP pseudo-segmentation”. If
more information than what fits in the RRLP maximum PDU size needs to be delivered, the RRLP pseudo-
segmentation shall be used. (For Rel 4 or older MS and GERAN, may also use intermediate level segmentation).

6.1.3 Signalling between an SMLC, MSC and BSC

An SMLC can either be separate logical entity or integrated functionality in the BSC. If the SMLC is a separate logical
entity, the LCS signalling between SMLC and MSC is accomplished through the A and Lb interfaces. If the SMLC s

integrated, the LCS signalling is accomplished through the A interface only. Figure 5 shows the protocol layers used to
support LCS signaling between the SMLC, MSC and BSC.

<>
BSSLAP BSSLAP
ES|CF
LSCF elay )
e | <+—» | BSSAP-LE
BSSAP BSSAP-LE
Network | <——>» Network Network +—> Network
Layer Layer Layer Layer
Physical | «—  Physijcal Physical <«—» | Physical
Layer Layer Layer ayer
MSC A BSC Lb SMLC

Figure 5: Signalling Protocols between SMLC, MSC and BSC

6.1.3a Signalling between an SMLC, SGSN and BSS

An SMLC can either be separate logical entity or integrated functionality in the BSS. If the SMLC is a separate logical
entity, the LCS signalling between SMLC and SGSN is accomplished through the Gb and Lb interfaces. If the SMLC is
integrated, the LCS signalling is accomplished through the Gb interface only. Figure 5a shows the protocol layers used
to support LCS signaling between the SMLC, SGSN and BSS. Notice that the Network Service layer may be based on
framerelay or IP (see 3GPP TS 48.016 [24]).
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BSSLAP | BssLAP
I§S|CF
LSCF e ay )
s -— > <«—>» | BSSAP-LE
BSSGP BSSAP-LE

Network | «——p Network Network - » Network

Service Service Layer Layer
Libis |4 =% L1bis Physical <«—_» | Physical

Layer Layer

MSC A BSC Lb SMLC

Figure 5a: Signalling Protocols between SMLC, SGSN and BSS

6.1.4  Signaling between SMLC and MS

SMLC Signalling to atarget MS is accomplished through the Um interface. Figure 6 shows the protocol layers used to
support signaling between an SMLC and target MSin the CS domain.

RRLP | < > RRLP
Rolay BSSLAP
Rela «— >
< > BSSLAP (48.071)
RR
(44.018) RR BSSAP.LE | «—»| BSSAP-LE
(49.031)
L2 <—> L2 Network 4—> Network
(LAPDm) (LAPDm) Layer Layer
4__> Physical Physical
L1 L1 Laver ¢ . Laver
;\I’/lasrget um BSC Lb SMLC

Figure 6: Signalling between an SMLC and Target MS in CS domain

Figure 6a shows the protocol layers used to support signaling between an SMLC and target MSin the PS domain. The
signalling is routed through the core network to utilize standard GPRS functions. BSSGP is specified in

3GPP TS 48.018[25] and RLC/MAC is specified in 3GPP TS 44.060 [28]. The TOM and LL C protocols are specified
in 3GPP TS 44.064 [26]. The TOM Protocol Header for RRLP is specified in 44.031 [15]. For an overview of GPRS,
see 3GPP TS 23.060 [27].
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RRLP RRLP
TOM T0 Relay Relay
LLC LLC BSSGP BSSGP
Relay
BSSAP- -
RLC RLC Y BSSGP BSSGP e BSSAP-LE
MAC MAC | Network Network | Network Network | Network Network
Service Service | Service Service | Layer Layer
GSM RF GSM RF| L1lbis Llbis | Libis Libis |Prysical Physica
Layer | L Layer |
Um Gb* Gb* Lb
MS BSS SGSN BSS SMLC

NOTE*: The network layer for the Gb interface may be based on IP or frame relay.

Figure 6a: Signalling between an SMLC and Target MS in PS domain

6.1.5 SMLC Signalling to a Type A LMU

Notice that the signalling to a Type A LMU isusing CS signalling over the Um interface. A Type A LMU can be used
to support positioning of mobile stations both in the CS and the PS domain.

6.1.5.1 Circuit Switched Signalling using an SDCCH

Figure 7 shows the protocol layers used to support signaling between an SMLC and aType A LMU, using an SDCCH
on the Um interface.

LLP < > LLP

(44.071) (44.071)
DTAP b >
BSSAP-LE
.......... (49.031)
“— >
RR .
R | RR BSSAP-LE
L2 Network
D > L2 +—> Network
LAPD
(LAPDm) : (LAPDm) Layer Layer
_________ Physical -
L1 < > L1 Lgyer “— > Physical
- Layer
LMU
um BSC Lb SMLC

Figure 7: Signalling between an SMLC and Type A LMU using an SDCCH

6.1.5.2 Signalling using a TCH

Figure 8 shows the protocol layers that can be used to support signaling between an SMLC and a Type A LMU using a
TCH on the Um interface. The TCH is assumed to support either transparent or non-transparent synchronous data and
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may be provided in a multislot configuration. The main usage would be for O& M data and SW download — e.g. during
offpeak hours.

LLP < > LLP
(44.071) (44.071)
DTAP-LE DTAP-LE
(49.031) > (49.031)
L2 < > L2
(RLP) (RLP)
(FEC'-} Ra) [P FEC +RA <“——P» Rry [—> (||51A)
Type A Um BTS TRAU SMLC
LMU

Figure 8: Signalling between an SMLC and a Type A LMU using a TCH

6.1.6 SMLC signalling to a Type B LMU

The protocol layers employed to enable signaling between the SMLC and a Type B LMU are shown in figure 9. Notice
that the signalling to a Type B LMU can be used to support positioning of mobile stations both in the CS and the PS

domain.

LLP < > LLP
LSCF BSSAP-LE
Relay (49.031)
«—>
L2 BSSAP-LE
+—> L2
Network <+—> Network
Layer Layer
<+«——Pp Physical Physical
L L1 Layer —> Layer
LMU (Note)* BSC Lb SMLC

Figure 9: Signalling between an SMLC and Type B LMU

NOTE*: Abisinterfaceisbeyond the scope of the present document.

ETSI



3GPP TS 43.059 version 14.2.0 Release 14 26 ETSI TS 143 059 V14.2.0 (2017-10)

6.1.7 SMLC Signalling to a peer SMLC

The protocol layers used for SMLC to SMLC signalling are shown in figure 10, where it is assumed that both SMLCs
have connections to an intermediary signalling network (or there isadirect link between the SMLCs).

SMLCPP |« - SMLCPP
(48.031) (48.031)
BSSAP-LE [% » | BSSAP-LE
(49.031) Relay Relay (49.031)
Network Network | Network Network | Network Network
Layer «—»  Layer Layer |<—» Layer Layer |<€—» Layer
Physical Physical | Physical Physical | Physical Physical
Layer «—p| Layer Layer [ Layer Layer | Layer
SMLC Network Network SMLC
Relay Relay

Figure 10: SMLC to SMLC Signalling via an intermediary signalling network

In the absence of either adirect link or linksto an intermediary signalling network, signalling can go via attached BSCs
and MSCs as shown in figure 11 for signalling between the SML Cs sharing the same M SC.

|
1
| . [}
| 5 ! !
SMLCPP[™, : | | SMLCPP
(48.031)] ! : i i (48.031)
1 . 1 1
i Relay : Relay i Relay i
I ; ! ! BSSAP-LE
BSSAP-LE | i : 1 (49.031)
(40.031) [¥7 sssape| BSSAPI™ BSSAP| BSSAP B”| BSSAP| Bssar-e | i
| . 1 1
! . ! !
| . 1 1
Network | 1 | Network Network | ! | Network Network | i | Network Network lgi 3 Network
Layer [¢ P Layer Layer 4? Layer Layer [® Layer Layer i Layer
| . 1
a : a 5
Physical | : | physical | Physical | i| Physical | Physical |: | Physical | Physical .pf Physical
Layer : Layer Layer [4® Layer Layer f’ Layer Layer . Layer
! i ! !
| . 1 1
! . ! !
] . 1 1
SMLC BSC ' MSC : BSC . SMLC
Lb A A Lb
Figure 11;: SMLC to SMLC Signalling via associated BSCs and MSC
6.2 Protocol layering in lu mode

6.2.1 Signalling between SMLC and MSC/SGSN

A SMLC can either be a separate logical entity or integrated functionality inthe BSC. If the SMLC is a separate logical
entity, the LCS signalling between SMLC and MSC/SGSN is accomplished through the lu and Lb interfaces. If the
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SMLC isintegrated, the LCS signalling is accomplished through the lu interface only. Figure 11a shows the protocol
layers used to support LCS signaling between the SMLC, BSC and MSC/SGSN.

LSCF
LSCF IWF <«—» | BSSAP-LE
RANAP RANAP BSSAP-LE
SCCP | 4¥——p <«
L3 SCESF‘) Network > Network
Layer Layer
L2 L2 N
L1 L1 Physical Physical
Layer Layer
MSC/SGSN lu* BSC Lb SMLC

NOTE:  *lu protocol stack is inherited from UMTS specifications [29-32]. See GERAN Stage 2 specification [11] for
additional transport layer options.

Figure 11a: Signalling Protocols between SMLC, BSC and MSC/SGSN

6.2.2 Signalling between SMLC and MS

SMLC Signalling to atarget MS is accomplished through the Um interface. Figure 11b shows the protocol layers used
to support signaling between an SMLC and target M S.

RRLP | * > RRLP
(44.031) (44.031)
Relay BSSLAP
Relay 5
BSSLAP | € (48.071)
«—>
(44.118) RRC BSSAPLLE | «——p| BSSAPLE
(49.031)
L2 L2 N k
<+—> etwor <“—> Network
(RLC/MAC (RLC/MAC) Layer Layer
<—> Physical Physical
L1 L1 Laver ¢ ’ Laver
'I'\'/lasrget Um BSC Lb SMLC

Figure 11b: Signalling between an SMLC and Target MS
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6.2.3 SMLC signalling to a Type A LMU

Thesignallingto aType A LMU is defined using A/Gb Mode CS signalling over the Um interface, see Clause 6.1.5. A
Type A LMU operating in A/Gb Mode CS Domain can be used to support positioning of maobile stations operating in lu
Mode. SignallingtoaTypeA LMU inluModeisFFS.

6.2.4  SMLC signalling to a Type B LMU

Thesignallingto aType B LMU isdefined in Clause 6.1.6. A Type B LMU operates independently of the mode of the
MS (A/Gb Mode or lu Mode) and signalling to a Type B LMU as defined in Clause 6.1.6 can be used to support
positioning of mobile stations operating in lu Mode.

6.2.5  SMLC signalling to a peer SMLC

The signalling to apeer SMLC isdefined in Clause 6.1.7. A peer SMLC connection and signaling is independent of the
mode of the MS (A/Gb Mode or lu Mode) and signalling to a peer SMLC as defined in Clause 6.1.7 can be used to
support positioning of mobile stations operating in lu Mode.

7 GERAN Network Location Procedures

7.1 State description for SMLC

7.1.1 SMLC States

7.1.1.1  NULL State

Thisisaconceptual rather than actual state in which a certain location request from a particular Location Client,
VMSC, SGSN or BSC either has not yet been received or has been completed.

7.1.1.2 LOCATION State

This state exists after the SMLC has received a location request from a BSC and persists while the SMLC is obtaining
position measurements for a particular positioning method until such time as positioning measurements have been
received and alocation estimate (with optional velocity estimate) has been computed and returned to the BSC.

When sufficient positioning measurement results have been received, the SMLC either evaluates them, if they include
an aready computed location estimate, or uses them to compute alocation estimate. The SMLC then has the option of
either reinitiating another positioning attempt, e.g. if the location estimate did not satisfy the required QoS and the
requirement on response time permits another position attempt, or returning the location estimate to the BSC.
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7.1.2 State Functionality

7121 State Transitions

Return Location
Result to BSC or
Timeout

Location Request
from a BSC

Initiate Positioning
via BSC

Figure 12: State Transitions in the SMLC

Moving from NULL to LOCATION state: After alocation reguest is received from the BSC, the SMLC enters the
LOCATION state. It then chooses a positioning method and initiates the appropriate position measurements.

Moving from LOCATION to NULL state: When the SMLC has obtained a location estimate that best meets the
requested QoS parameters, it returns this to the BSC and re-enters the NULL state.

7.1.2.2 LOCATION Timer Function

The SMLC runs atimer whilein the LOCATION state to limit the total amount of time that positioning can be active.
Thistimer should be related to any response time indicated in the location request QoS parameters. If the timer expires
before afinal location estimate has been produced, the SMLC either returns the best existing location estimate (with
optional velocity estimate) to the BSC (e.g. an estimate based on the current cell 1D) or returns afailure indication. It
then re-entersthe NULL state.

7.2 State Description for the BSC

7.2.1 BSC States

7.21.1 IDLE State

In this state, the BSC location serviceisinactive for a particular MS.

7.21.2 LOCATION State

In this state, the BSC is awaiting a response from an SMLC after requesting the location for a particular MS. In this
state, a Radio Resource connection to the target MS will be active — allowing the SMLC and M S to exchange
positioning related messages for mobile based and mobile assisted position methods. For certain position methods

(e.g. network based position methods), the SMLC may invoke substates in the BSC during which other types of
association or procedure are supported with the MS (e.g. temporary call establishment, handover). In this state, the BSC
may transfer positioning related messages between the SMLC and the target MS and/or between the SMLC and certain
LMUs served by the BSC.
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7.2.2 State Functionality

7221 State Transitions

Receive Location
results from the SMLC
or Timeout

Request Location
from SMLC

Transfer Positioning
Messages

Figure 13: State Transitions in the BSC

Moving from IDLE to LOCATION state: After arequest has been received to locate a particular M S served by the
BSC, alocation request is sent to the SMLC associated with the serving cell: the BSC then entersthe LOCATION state.
Before entering this state, a Radio Resource connection to the MS must have been already established by the VM SC.

Moving from LOCATION to IDLE state: After the return of alocation estimate result from the SMLC, the BSC shall
re-enter IDLE state.
7.2.2.2 LOCATION Timer Function

The BSC runs atimer whilein the LOCATION state to limit the amount of time waiting for alocation response from
the SMLC. If the timer expires before such information is received, the BSC indicates alocation failure to the original
requesting entity and re-enters IDLE state.

7.3 Usage of SCCP Connection on the Lb interface in the CS
domain in A/Gb mode

SCCP connection oriented signalling between an SMLC and a BSC is used to support SMLC signalling to a Type A
LMU, aserving BSC, or atarget MS. The types of SCCP connections are described below.

7.3.1 SCCP Connection for positioning of a target MS

The BSC establishes this connection when arequest is received for alocation estimate for atarget MSin the CS
domain. The BSC sends the BSSAP-LE Perform Location Request to the SMLC inside an SCCP Connection Request
message. Signaling between the SMLC and target MS, if required, isthen relayed by the BSC between this SCCP
connection and the main signaling link to the MS. The same SCCP connection is also used to transfer BSSLAP
messages between the SMLC and serving BSC. See Figure 14.
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Figure 14: SCCP based signalling for MS positioning with an SMLC in CS domain

7.3.2 SCCP connection to access a Type A LMU

The BSC or SMLC establishes this connection to enable LCS messages to be transferred to or froma Type A LMU.
The BSC or SMLC sends a BSSAP-LE LMU Connection Request message inside an SCCP Connection Request
message. Signaling is subsequently relayed through the BSC using this SCCP connection as shown in figure 15.

Type A
<4—P» | BSC | 4«——» | SMLC
LMU SDCCH or SCCP
FACCH T Connection T

BSSAP-LE (49.031)

LLP (44.071)

Figure 15: SCCP based signalling to access a Type A LMU with an SMLC

7.4 Usage of SCCP Connection on the Lb interface in the PS
domain in A/Gb mode

SCCP connection oriented signalling between an SMLC and aBSSis used to support SMLC signalling to a serving
BSS or atarget MS. The types of SCCP connections are described below.

7.4.1 SCCP Connection for positioning of a target MS

The BSS establishes this connection when arequest is received for alocation estimate for atarget MSin the PS domain.
The BSS sends the BSSAP-LE Perform Location Request to the SMLC inside an SCCP Connection Request message.
Signaling between the SMLC and target MSis then relayed by the BSS viathe SGSN to the MS. The same SCCP
connection is also used to transfer BSSL AP messages between the SMLC and serving BSS. See figure 15a below.
RRLP Messages between the SMLC and the MS are carried in BSSGP Position Command/Response messages (see
3GPP TS 48.018) across the Gb interface and in TOM messagesin LLC Ul frames (see 3GPP TS 44.064 [26]) across
the Um interface. Because a connectionless mode of communication is used to transport BSSGPand LLC, an MS
identity isincluded in each message for those protocols.
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Figure 15a: SCCP based signalling for MS positioning with an SMLC in PS domain

8 Common Procedures to Support Positioning

The procedures described in this clause enable an SMLC to obtain positioning related information or instigate
positioning for a particular target MS. The procedures are applicable to al positioning methods after an SMLC receives
aBSSAP-LE Perform Location request for atarget MS until a BSSAP-LE Perform Location response is returned to the
originator.

8.1 Information Transfer between an SMLC and a Target MS in
the CS Domain in A/Gb mode for E-OTD and A-GNSS
positioning methods

An SMLC uses the procedure shown below in order to obtain the M S position or positioning measurements from a

target MS or transfer location assistance information to atarget M Sin the CS domain after a request has been received

from the BSC serving the target MS. More details of the location information transfer procedure between the BSC and
MS can be found in 3GPP TS 24.008.

|SMLC| BSC | MS I

1. BSSMAP-LE Connection Oriented|
Information [BSSLAP MS
Command [RRLP message]]

2. RRApplication Inf¢rmation
[RRLP message]

3. RR Application |Information
[RRLP message]

4. BSSMAP-LE Connection Oriented|
Information [BSSLAP MS
Response [RRLP message]]

Figure 16: Information Transfer between an SMLC and a Target MS in CS domain

1) The SMLC passes a BSSAP-LE Connection Oriented | nformation message to the serving BSC containing an
embedded BSSLAP M S Position Command with an RRLP message parameter. The message is transferred using
the SCCP connection established between the SMLC and BSC for positioning the target MS If the BSSLAP
message istoo large to fit in asingle BSSAP-LE Connection Oriented Information message, RRLP
pseudo-segmentation shall be used. Legacy SMLC may utilize BSSAP-LE layer segmentation instead of RRLP
pseudo-segmentation. The SMLC shall indicate in the first BSSLAP M S Position Command whether the
embedded RRL P message contains a positioning command versus positioning assistance data.
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2)

3)

4)

The BSC transfers the embedded RRL P message to the target MS inside an RR Application Information
message. No later than when the RR Application Information message has been transferred, the BSC shall start a
positioning supervision timer if noneisaready in progress or restart thisif already in progress. If the timer
expires before the final response in step 3 isreceived, the BSC shall return a BSSAP-LE Connection oriented
Information message to the SMLC containing a BSSLAP Abort with a cause of BSC timeout.

When the target M S has positioning information to return to the SMLC, it sends an RR Application Information
message to the BSC containing an embedded RRLP message. If the RRLP message istoo largeto fitin asingle
RR Application Information message, RRL P pseudo-segmentation shall be used. Legacy MS may utilize RR
layer segmentation instead of RRLP pseudo-segmentation. . The last RR Application Information message shall
indicate if thisis the final response from the M S.

If the timer started in step 2 has aready expired, the BSC discards the RRLP message received in step 3.
Otherwise, the BSC forwards the RRLP message to the SMLC inside aBSSLAP M S Positioning Response
message contained in a BSSAP-LE Connection Oriented Information message. If the SMLC indicated a
positioning command in step 1 and the MS has indicated afinal response, the BSC may add additional
measurement information to the BSSLAP M S Position Response in the last BSSAP-LE message — if necessary,
creating a new BSSAP-LE message if message size limitations would be exceeded. The BSC shall stop the
supervision timer started in step 2 when the final segment of the final response from the M S has been

transferred. If the MS did not indicate afinal responsein step 3, the SMLC may transfer a further RRLP message
to the MS (e.g. containing assistance data) according to steps 1 and 2 and the MS may return a subsequent
response according to steps 3 and 4.

8.1a  Information Transfer between an SMLC and a Target MS in

the PS Domain in A/Gb mode

An SMLC uses the procedure shown below in order to obtain the M S position or positioning measurements from a
target MS or transfer location assistance information to atarget MS in the PS domain after a request has been received
from the BSS serving the target MS.

SMLC BSS SGSN MS

>
1| BSSMAP-LE Connection Oriented
Inf. (BSSLAP MS Position
Command [RRLP Message])

P>
2| BSSGP Position Command
(RRLP Message)
P
3] LLC Ul Frame (TOM
Message [RRLP
Message])
<
4| LLC Ul Frame (TOM
< Message [RRLP
5] BSSGP Position Response Messagel)

(RRLP Message)

¢
6| BSSMAP-LE Connection Oriented
Inf. (BSSLAP MS Position
Response [RRLP Message])

Figure 16a: Information Transfer between an SMLC and a Target MS in PS Domain

1) The SMLC passes a BSSAP-LE Connection Oriented Information message to the serving BSS containing an
embedded BSSLAP M S Position Command with an RRLP message parameter. The message is transferred using
the SCCP connection established between the SMLC and BSS for positioning the target MS. If the RRLP
message is larger than the RRLP maximum PDU size, RRLP pseudo-segmentation shall be used. The SMLC
shall indicate in the positioning command bit in the RRLP flags |E in the BSSLAP M'S Position Command
whether the embedded RRL P message contains a positioning command versus a non-command — e.g.
positioning assistance data.
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2)

3)

4)

5)

6)

The BSS relays the embedded RRLP message and the RRLP flags | E to the SGSN inside a BSSGP Position
Command message. When the BSSGP Position Command message has been transferred, the BSS shall start a
positioning supervision timer if not already in progress or restart if the timer isaready in progress. If the timer
expires before the final response in step 5 isreceived, the BSS shall return a BSSAP-LE Connection Oriented
Information message to the SMLC containing a BSSLAP Abort with a cause of BSS timeout.

The SGSN receives the RRLP message in the BSSGP Position Command message and relaysit tothe MSin an
LLC Ul frame. The TOM protocol with SAPI TOM8 is used for transfer of RRLP messages. The positioning
command bit from the RRLP flags |E in the BSSGP message is also relayed using the C/R bit in the TOM
header (see 3GPP TS 44.031 [15]). The received C/R bit may be ignored by the MS or used for implementation
purposes.

When the target M S has positioning information to return to the SMLC, it sends an LLC Ul Frame to the SGSN
containing an embedded RRL P message. The TOM protocol is used for transfer of RRLP messages. If the RRLP
message is larger than the RRLP maximum PDU size, RRLP pseudo-segmentation shall be used. If the RRLP
pseudo-segmentation is used, the MS shall send several RRL P messages. In each message the M S shall indicate
in the C/R bit in the TOM protocol header whether it is the final response or not. The final response shall be the
last RRLP message that the M S expects to send in response to RRLP messages received so far from the SMLC.
In the final message the MS shall indicate that it is the final response by setting the appropriate RRLP flag. For
the MTA positioning method the MS does not send a RRLP message in response to the RRLP message it
receivesin step 3.

The SGSN relays the RRLP message to the BSS. The RRLP message is sent in a BSSG Position Response
message. The C/R bit from the TOM header is relayed using the final response bit in the RRLP flags |E in the
BSSGP message.

If the timer started in step 2 has already expired, the BSS discards the RRL P message received in step 5.
Otherwise, the BSS relays the RRLP message and the RRLP flags |E to the SMLC inside aBSSLAP MS
Positioning Response message contained in a BSSAP-LE Connection Oriented Information message. If the
SMLC indicated a positioning command in the most recent message to be transferred in step 1 and the MS has
indicated afinal response, the BSS may add additional measurement information to the BSSLAP M S Position
Response in the last BSSAP-LE message. The BSS shall stop the supervision timer started in step 2 when the
final response from the M S has been transferred. The SMLC may transfer a further RRLP message to the MS
(e.g. containing assistance data or a positioning command) according to steps 1, 2, and 3 and the MS may return
a subsequent response according to steps 4, 5, and 6. Steps 4-6 are repeated if the RRLP pseudo-segmentation is
used for the uplink message.

8.1b  Information Transfer between an SMLC and a Target MS in

lu Mode

An SMLC uses the procedure shown below in order to obtain the M S position or positioning measurements from a
target MS or transfer location assistance information to atarget M S after a request has been received from the BSC
serving the target MS.

|SMLC| BSC | MS I

1. BSSMAP-LE Connection Oriented|
Information [BSSLAP MS
Command [RRLP message]]

2. RRC LCS DL Information
[RRLP message]

3. RRC LCS UL Information
[RRLP message]

4. BSSMAP-LE Connection Oriented|
Information [BSSLAP MS

Response [RRLP message]]

Figure 16b: Information Transfer between an SMLC and a Target MS
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1)

2)

3

4)

8.2

The SMLC passes a BSSAP-LE Connection Oriented Information message to the serving BSC containing an
embedded BSSLAP M S Position Command with an RRLP message parameter. The message is transferred using
the SCCP connection established between the SMLC and BSC for positioning the target MS If the BSSLAP
message istoo large to fit in asingle BSSAP-LE Connection Oriented | nformation message, RRLP
pseudo-segmentation shall be used. The SMLC shal indicate in the first BSSLAP M S Position Command
whether the embedded RRL P message contains a positioning command versus positioning assistance data.

The BSC transfers the embedded RRLP message to the target MSinside an RRC LCS DL Information message.
No later than when the RRC LCS DL Information message has been transferred, the BSC shall start a
positioning supervision timer if noneisaready in progress or restart thisif already in progress. If the timer
expires before the final response in step 3 isreceived, the BSC shall return a BSSAP-LE Connection oriented
Information message to the SMLC containing a BSSLAP Abort with a cause of BSC timeout.

When the target M S has positioning information to return to the SMLC, it sendsan RRC LCS UL Information
message to the BSC containing an embedded RRLP message. If the RRLP message istoo largeto fitinasingle
RRC LCS UL Information message, RRL P pseudo-segmentation shall be used. The last RRC LCS UL
Information message shall indicate if thisisthe final response from the MS.

If the timer started in step 2 has already expired, the BSC discards the RRLP message received in step 3.
Otherwise, the BSC forwards the RRLP message to the SMLC inside aBSSLAP M S Positioning Response
message contained in a BSSAP-LE Connection Oriented Information message. If the SMLC indicated a
positioning command in step 1 and the MS has indicated afinal response, the BSC may add additional
measurement information to the BSSLAP M S Position Response in the last BSSAP-LE message — if necessary,
creating a new BSSAP-LE message if message size limitations would be exceeded. The BSC shall stop the
supervision timer started in step 2 when the final response from the M S has been transferred. If the MS did not
indicate afinal responsein step 2, the SMLC may transfer a further RRLP message to the MS (e.g. containing
assistance data) according to steps 1 and 2 and the MS may return a subsequent response according to steps 3
and 4.

Information Transfer between an SMLC and a BSC

An SMLC uses the procedure shown below in order to obtain positioning related information from the BSC serving a
particular target M S after a positioning request has been received from the BSC. This procedure applies to positioning
of an MSin both the CS and the PS domains.

1)

2)

1. SCCP DT1 [BSSMAP-LE Conneﬁn
Oriented Information]

<

2. SCCP DT1 [BSSMAP-LE Connectign
Oriented Information]

Figure 17: Information Transfer between an SMLC and a BSC

The SMLC passes a BSSAP-LE Connection Oriented I nformation message to the BSC containing an embedded
BSSLAP message. The BSSAP-LE message is transferred using the SCCP connection previously established
between the SML C and BSC when the positioning request for the target MS was initially sent to the SMLC. The
BSC recognizes that it isthe final destination due to the presence of the embedded BSSL AP message.

When the BSC has positioning information for the target M Sto return to the SMLC, it sends a BSSAP-LE
Connection Oriented Information message to the SML C containing an embedded BSSL AP message. The
message is sent using the SCCP connection previously established for positioning the target MS. For the
Multilateration based positioning methods, the BSC does not include an embedded BSSL AP message in the
BSSMAP-LE Connection Oriented Information message it sends to the SMLC.
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8.3 Common Procedures to Support Access to an LMU

The procedures in this clause support the transfer of positioning related information and O&M data between an SMLC
and a particular LMU associated with the SMLC. These procedures apply to positioning of an MSin both the CS and
the PS domains.

8.3.1 Location Update Procedure between an SMLC and a Type A LMU

The following procedure supports a normal location update from the perspective of a Type A LMU. The location update
can occur periodically, on power up, following recovery from some failure condition and when an LMU in idle mode
detects that its closest BTSisin another location area.

| SMLC | BSC LMU

<

1. DTAP Location Updating Request

2. SCCPCR[BSSMAP Conplete Layer 3
Information [Location Upglating Request]]

<

3. Normal GSM Authentication, Ciphering

>

4. DTAP Location Updating| Accept

5. DTAP Location Updatinfy Accept

Figure 18: Location Update Procedure between an SMLC and a Type A LMU

1) If the LMU does not currently have asignaling link, it sends an RR Channel Request to the serving BTS to
request a SDCCH. The RR Channel Request contains an establishment cause identifying an LMU. After
assignment of the SDCCH, the LMU sends a DTAP Location Updating request to the BSC. This shall indicate
that afollow on request is pending if the LMU has more datato send.

2) Because the BSC serving the LMU is associated with an SMLC and the Channel Request message contained an
LMU establishment cause, the BSC forwards the Location Updating request to the SMLC rather than MSC. If
there was previously no SDCCH, thisis sent inside aBSSMAP Complete Layer 3 Information message that is
contained in an SCCP Connection Request.

3) The SMLC performs normal authentication and ciphering if needed for the LMU. The SMLC shall not assign a
TMSI to the LMU to avoid duplicating a TM S| assigned to anormal MSby aVLR.

4) The SMLC returnsa DTAP Location Updating Accept to the BSC. Unlessthe LMU indicated afollow on
request, the SMLC may then initiate release of the SDCCH.

5) The BSC forwards the DTAP message to the LMU.

8.3.2 IMSI| Detach Procedure between an SMLC and a Type A LMU

The following procedure supports anormal IMSI Detach from the perspective of a Type A LMU. This may be
instigated if the LMU isto be deactivated — e.g. for offline maintenance.
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LMU

1. DTAP IMSI Detach Indigation

2. SCCPCR[BSSMAP Corplete Layer 3
Information [IMSI Detachy Indication]]

Figure 19: IMSI Detach Procedure between an SMLC and a TypeA LMU

1) If the LMU does not currently have asignaling link, it sends an RR Channel Request to the serving BTS to
request a SDCCH. The RR Channel Request contains an establishment cause identifying an LMU. After
assignment of the SDCCH, the LMU sendsa DTAP IMSI Detach Indication to the BSC.

2) Because the BSC serving the LMU is associated with an SMLC and the Channel Request message contained an
LMU establishment cause, the BSC forwards the IMS| Detach Indication to the SMLC rather than MSC. If there
was previously no SDCCH, thisis sent inside aBSSAP Complete Layer 3 Information message that is contained
in an SCCP Connection Request. The SMLC marks the LMU as temporarily inactive and initiates release of the
SDCCH.
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8.3.3 LCS Information Transfer between an SMLC and a Type A LMU

8.3.3.1 Information Transfer using an SDCCH

The following procedure supports information transfer between an SMLC and a Type A LMU.

1)

2)
3)

4)

5)

6)

| SMLC | BSC LMU

1. SCCP UDT [BSSMAP Phging]

2. RR Paging Request

3. RR Paging Responsqg

4. SCCP CR [Complete llayer 3
Information [RR Paging Rgsponse]]

<

5. Authenticftion, Ciphering

6. SCCP DT1 [DTAP-LE REGISTER, FACILITY or
RELEASE COMPLETE]

7. SCCP DT1 [BSSMAP (¢lear Command]

8. SCCP DT1 [BSSMAP Jlear Complete]

9. RR Channel Rel&e

10. SCCP RLSD

11. DTAP CM Service Reqyest

12. SCCPCR[BSSMAP Conjplete Layer 3
Information [CM Seryice Request]]

<

13. Authenticatidn, Ciphering

<

14. SCCP DT1 [DTAP-LE REGISTER, FACILITY or
RELEASE COMPLETE]

Figure 20: Information Transfer between an SMLC and a Type A LMU

If thereis no signaling link yet for an LMU between the SMLC and the BSC serving the LMU, the SMLC sends
a BSSAP Paging message to the serving BSC inside an SCCP Unitdata message.

The serving BSC broadcasts an RR Paging Request.

The LMU sends a Channel Request message containing an LMU establishment cause to request an SDCCH.
After assignment of the SDCCH, the LMU returns an RR Paging Response.

Because the BSC serving the LMU is associated with an SMLC and the Channel Request messagein step 3
contained an LMU establishment cause, the BSC transfers the Paging Response to the SMLC, rather than MSC,
in a BSSAP Complete Layer 3 Information message contained in an SCCP Connection Request.

The SMLC performs normal authentication and ciphering if thisis needed for the LMU. The SMLC shall not
assign aTMSI to the LMU to avoid duplicating a TM S| assigned to anormal MShby aVLR.

If the SMLC needs to send data to the LMU, it may send one or more DTAP-LE REGISTER, FACILITY or
RELEASE COMPLETE messages to the BSC. Each DTAP-LE message contains an embedded LL P message
and an indication of whether release of the SDCCH by the LMU isforbidden. Each DTAP-LE messageis
transferred by the BSC to the LMU.

ETSI



3GPP TS 43.059 version 14.2.0 Release 14 39 ETSI TS 143 059 V14.2.0 (2017-10)

7) The SMLC may initiate release of the SDCCH to the LMU by sending a BSSAP Clear Command to the BSC.
8) The BSC returns a BSSAP Clear Complete.

9) The BSC orders release of the SDCCH by sending an RR Channel Release to the LMU.

10) The SMLC releases the SCCP connection to the BSC by sending an SCCP Released message.

11) When the LMU has L CS data to send and does not currently have asignaling link, it sends an RR Channel
Request to the serving BT S to request an SDCCH. The RR Channel Request contains an establishment cause
identifying an LMU. After assignment of the SDCCH, the LMU sendsa DTAP CM Service request to the
serving BSC.

12) Because the BSC serving the LMU is associated with an SMLC and the Channel Request message contained an
LMU establishment cause, the BSC forwards the CM Service Request with an indication that this came from an
LMU to the SMLC, rather than MSC, inside a BSSAP Complete Layer 3 Information message that is contained
in an SCCP Connection Request.

13) The SMLC performs authentication and ciphering if needed for the LMU. Otherwise, a CM Service Accept is
returned. The SMLC shall not assign aTMSI to the LMU to avoid duplicating a TM S| assigned to anormal MS
by aVLR.

14) The LMU sends one or more DTAP-LE REGISTER, FACILITY or RELEASE COMPLETE messages to the

serving BSC each containing an embedded LLP message. The BSC forwards each DTAP-LE message to the
SMLC.

8.3.3.2 Information Transfer using a TCH

|SMLC| | BSC | LMU

1. Setup Signaling Connection using an SDCCH

>

2. DTAH Setup

<

3. DTAP Call Confirmed

4. Assignment Request

5. RR Assignment Com%ard

6. RR Assignment Compleke

7. Assignment Complete

<

8. DTAP|Connect

>

9. DTAP CgnnechAck.

10. DTAP-LE LCS Conngction Oriented Information

>

11. DTAP Ipisconnect

<

12. DTAH Release

>

13. DTAP Rel¢ase Complete

14. SCCP DT1 [BSSMAP €lear Command]

15. SCCP DT1 [BSSMAP (lear Complete]

16. RR Channel Reléas{

17. SCCP RLSD

Figure 21: Information Transfer between an SMLC and a Type A LMU using a TCH
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1) The SMLC establishes a signaling connection to the LMU using an SDCCH.

2) The SMLC sendsa DTAP Setup to the LM U with the requested bearer capability.

3) TheLMU returnsa DTAP Call Confirmed.

4) The SMLC initiates traffic channel assignment by sending a BSSAP Assignment Request to the BSC.

5) The BSC requests channel activation in the BTS and then sends an RR Assignment Command to the LM U.
6) The LMU acknowledges TCH assignment.

7) The BSC confirms TCH assignment.

8) The LMU confirms call establishment.

9) The SMLC acknowledges the LMU confirm.

10) DTAP-LE Connection Oriented Information messages are transferred between the SMLC and LMU on the
established TCH: these are transparent to the BSC.

11)The SMLC initiates release of the TCH by sending a DTAP Disconnect to the LMU

12)The LMU returnsa DTAP Release.

13) The SMLC sends a DTAP Release Complete.

14) The SMLC initiates release of the TCH by sending a BSSAP Clear Command to the BSC.
15) The BSC returns a BSSAP Clear Complete.

16) The BSC orders release of the TCH by sending an RR Channel Release to the LMU.

17) The SMLC releases the SCCP connection to the BSC by sending an SCCP Rel eased message.

8.3.4 LCS Information Transfer between an SMLC and a Type B LMU

A SMLC uses the procedure shown below in order to exchange LCS information with a TypeB LMU.

[sMLC | | BsC|  [BTS or LMU]

1. SCCP UDT [BSSAP-LE
Connectionless Information]

—

2. Location Information

«

3. Location Information

4. SCCP UDT [BSSAP-LE
Connectionless Information]

Figure 22: Information Transfer between a SMLC and a Type B LMU

1) The SMLC passes a BSSAP-LE Connectionless Information message to the BSC containing an embedded LLP
message and the LAC/CI cell addressidentifying the LMU. The BSSAP-LE message is transferred inside an
SCCP Unitdata message.

2) The BSC transfers the embedded LLP message to either the BT S associated with the LMU or the LMU itself
inside a Location Information message. The BTS or LMU isidentified using the LAC/CI received in step 1.

3) When the LMU has positioning information to return to the SMLC, either it or its associated BTS transfers this
to the BSC inside a L ocation Information message..
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4) The serving BSC forwards the LLP message to the SMLC inside a BSSAP-LE Connectionless Information
message contained in an SCCP Unitdata message. The BSSAP-LE message contains the LAC/CI address
identifying the LM U.

8.4 Common Control Procedures for LMUs

These procedures are applicable to any Type A LMU and may be used for any Type B LMU to enable control of the
LMU by its associated SMLC. The procedures assume support for the establishment of a signaling link and the transfer
of LLP messages between an SMLC and LMU that are defined in the common procedures to support accessto an LMU,

clause 8.3. Consequently, details of signaling link establishment and message transfer by a BSC and BTS are not
shown.

8.4.1 Reset Procedure

The reset procedure enables an SMLC to return an LMU to aknown initial state in which no measurement or O&M
operations are outstanding or being performed.

| SMLC | BSC LMU

>

1. LLP Reset Invokel message

<

2. LLP Reset Return Result

Figure 23: Reset Procedure for a Circuit Mode LMU

1) After first establishing a signaling connection to the LMU (see clause 8.3), the SMLC sends an LLP Reset
Invoke to the LMU viaBSC.

2) The LMU cancels any LCS measurement and O& M tasks previously ordered by the SMLC. The LMU then
returns an LL P Reset Return Result to the SMLC.

8.4.2 Status Query Procedure

The Status Query procedure enables an SMLC to verify the status of an associated LMU. The procedure may be
instigated periodically or following any loss of communication with the LMU.

SMLC BSC LMU

>

1. LLP Status Query|Invoke message

<

2. LLP Status Quefy Return Result

Figure 24: Status Query Procedure for a Circuit Mode LMU

1) After first establishing a signaling connection to the LMU (see clause 8.3), the SMLC sends an LLP Status
Query Invoke to the LMU viaBSC.

2) TheLMU returnsan LLP Status Query return result, indicating the number of active measurement jobs for each
type of measurement (e.g. RIT) and the number of active O& M jobsin the LMU that were previously ordered by
the SMLC.
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8.4.3 Status Update Procedure

The Status Update procedure enables an LMU to report status information to its associated SMLC. The procedure may
be instigated for the following reasons:

1. Periodicaly;

2. Power-on condition or recovery from failure with loss of memory;
3. Impending availability or unavailability for O&M reasons;
4

. Location Update by aType A LMU in anew Location Area.

SMLC BSC LMU

LLP Status Update Ijnvoke message

A

LLP Status Update Return result

A 4

Figure 25: Status Update Procedure for a Circuit Mode LMU

1) After first establishing a signaling connection to the SMLC (see clause 8.3), the LMU sends an LLP Status
Update Invoke to the SMLC viaBSC. This message shall include the reason for the Status Update, the number
of active and outstanding jobs of each category in the LMU and the current hardware status.

2) The SMLC returns an LLP Status Update return result to acknowledge receipt of the Status Update.

8.5 Exception Procedures

The procedures in this clause apply to al location procedures where a BSSAP-LE Perform Location Request has been
sent to an SMLC by a BSC requesting some location service (e.g. provision of alocation estimate for atarget MS or
transfer of assistance datato atarget MS).

851 Procedures in the SMLC

When arequest for alocation estimate fails due to failure of aposition method itself (e.g. due to inaccurate or
insufficient position measurements and related data) and the SMLC is unable to instigate another positioning attempt
(e.g. due to arequirement on response time), the SMLC may return a BSSAP-LE Perform Location response containing
aless accurate location estimate (e.g. based on serving cell and timing advance). If aless accurate estimate is not
available, the SMLC shall instead return a BSSAP-LE Perform Location response message containing no location
estimate and indicating the cause of failure.

When areguest for any other location service (e.g. transfer of assistance datato atarget MS) fails for any reason and the
SMLC is unable to reattempt the service, the SMLC shall return a BSSAP-LE Perform Location response message
indicating the cause of failure.

When alocation service request is interrupted by some other unrecoverable error event inside the SMLC, the SMLC
shall immediately terminate the location service attempt and return a BSSAP-LE Perform Location Response message
containing the reason for the location service cancellation. In that case, any dialogue previously opened with an LMU or
BSS for the purpose of ingtigating position measurements for any M S being located may also be aborted by the SMLC.
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If the SMLC receives a BSSAP-LE Perform Location Abort indication for a previous location service request from the
BSS, it shall immediately terminate the location service attempt and may abort any dialogues used for the location
service attempt that may still exist with any LMUs. The circumstances of the abort may still ensure cancellation of any
such procedure (see clause on BSS). For a BSSAP-LE Perform Location Abort, the SMLC shall then either return any
location estimate (with optional velocity estimate) already derived, if this was requested, or return a BSSAP-LE
Perform Location response indicating failure of the location service and the cause of the failure in the BSSAP-LE
Perform Location Abort.

If the SMLC hasinstigated any location related procedure in the Target MS or its serving BSS and receives a BSSLAP
Reject, BSSLAP Abort or BSSLAP Reset indication from the BSS, it shall cancel the location service attempt and may
abort any dialogues for thisthat currently exist with any LMUs. For aBSSLAP Abort, the SMLC shall then either
return any location estimate (with optional velocity estimate) already derived, if this was requested and is sufficient for
the requested QoS, or return a BSSAP-LE Perform Location response indicating failure of the location service and the
cause of the failure in the BSSLAP Abort. For aBSSLAP Reject and BSSLAP Reset, the SMLC has the additional
option of restarting the location service attempt and using the same or a different position method where alocation
estimate was requested. A decision to restart the location service shall take into account the cause of the location service
failure as conveyed in the BSSL AP Reject or BSSLAP Reset and whether, in the case of successful intra-BSC
handover, the new cell for the target MSis still associated with the SMLC. If the SMLC receives a BSSLAP Reject or
BSSLAP Reset with a cause indicating intra-BSC handover and with a new cell identity for the target MS that is not
associated with the SMLC, the SMLC shall return a BSSAP-LE Perform Location response containing either alocation
estimate (with optional velocity estimate), if requested and available, or afailure cause indicating "intra-BSC"
handover.

NOTE: Inthe CSdomain, inthe case of an intra-BSC handover to a cell in adifferent PLMN (different MCC,
MNC combination), the SMLC may receive a BSSL AP Reset containing the new location area code and
new cell ID. The SMLC may then deduce the new M CC and MNC from the uniqueness, when this
applies, of the combined values for the new location area code and cell ID compared to the corresponding
values for neighbouring cdlls.

85.2 Procedures in an LMU

An LMU shall return an error indication to its controlling SML C when location measurements previoudly ordered by
the SMLC cannot be provided due to any error condition.

8.5.3 Procedures in the BSC in the CS Domain

8531 General Procedures

The BSC serving atarget MS shall supervise any network or M S location service procedure, including transfer of
positioning assistance datato an M S, and shall only allow one such procedure to be active at any time. If a new
procedure isinstigated by the SMLC for any target MS, the BSC shall cancel any previous procedure without notifying
the SMLC or target MS. The new procedure shall then be treated according to the prevailing conditions. If alocation
information transfer to an MSinitiated by an SMLC is not active, the BSC shall discard any RRLP message received
fromthe MS. This precludes theinitiation of any location service procedure from an MS.

The BSC may optionally allow one A-GNSS or E-OTD positioning procedure and one Cell-based or U-TDOA
positioning procedure to be active concurrently for the same target MS. The BSC shall indicate the second independent
location procedure is supported when SMLC ingtigates afirst positioning procedure for any MS. The SMLC may
initiate the concurrent positioning procedure only in when the BSC has indicated this capability. The BSC may disallow
the concurrent positioning procedure at any time.

In the concurrent positioning procedure, if the SMLC invokes afirst A-GNSS or E-OTD location procedure and then
invokes a second A-GNSS or E-OTD then the BSC shall cancel the first procedure and proceed with the second without
notifying the SMLC or target MS. In the concurrent location procedure, if the SMLC invokes afirst cell-based or U-
TDOA location procedure and then invokes a second cell-based or U-TDOA location procedure then the BSC shall
cancel the first procedure and proceed with the second positioning procedure without notifying the SMLC or target MS.

Depending on the location procedure and its current state of execution, a serving BSC may chose to defer certain radio
related events (e.g. handover) to avoid interference with location — refer to the later clauses for each positioning
procedure. A serving BSC shall abort all existing location related procedures for a particular target MS without
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notifying atarget MSif the DCCH to the target MS or the SCCP connection to the SMLC is released. In the event of an
abort with an SMLC, the BSC shall attempt to notify the SMLC using a BSSAP-LE Perform Location Abort.

8.5.3.2 Rejection of an SMLC Positioning Request

The BSC may reject any regquest from an SMLC for positioning or transfer of assistance datafor atarget MSif the
request cannot be performed for reasons other than interaction with handover or other RR management. If the request is
rejected, the BSC shall return aBSSLAP Reject to the SMLC containing the cause of rejection.

8.5.3.3 Interaction with Inter-BSC Handover

The BSC shall reject any request from an SMLC for positioning or transfer of assistance data while an inter-BSC
handover procedure is ongoing and shall return aBSSLAP Abort to the SMLC.

The BSC shall terminate any network or MS positioning procedure or any transfer of RRLP assistance data aready in
progress if inter-BSC handover is needed and is not precluded by the particular location procedure and its current state.
When alocation procedure isterminated and there is an active BSSLAP transaction, the BSC shall return aBSSLAP
Abort message to the SMLC after the BSSAP Handover Required has been sent to the serving MSC. The BSSLAP
Abort shall contain the cause of the location procedure failure. When alocation procedure is terminated and there is no
active BSSLAP transaction, the BSC shall send a BSSAP-LE Perform Location Abort message to the SMLC after the
BSSMAP Handover Required has been sent to the serving MSC.

8.5.34 Interaction with Intra-BSC Handover and other RR Management Procedures

The BSC shall reject any request from an SMLC for positioning or transfer of assistance data while an intra-BSC
handover or other intra-BSC RR management procedure involving the target MSis ongoing and shall return a BSSLAP
Reset to the SMLC when the handover or other RR management procedure is complete in the BSC. If the handover or
other RR management procedure times out in the BSC, the BSC shall instead return either aBSSLAP Reset or a
BSSLAP Abort to the SMLC.

The BSC shall terminate any network or MS positioning procedure or any transfer of RRLP assistance data aready in
progressif an intra-BSC handover or other intra-BSC RR management procedure is needed and is not precluded by the
particular location procedure and its current state. When location procedure is terminated, the BSC shall return a
BSSLAP Reset message to the SMLC after the intra-BSC handover or other RR management procedure is completein
the BSC. If the intra-BSC handover or other RR management procedure times out in the BSC, the BSC shall instead
return either a BSSLAP Reset or aBSSLAP Abort to the SMLC.

A BSSLAP Reset shall contain a cause indication, the current serving cell identity, the current location area code if this
has just changed due to intra-BSC handover and may contain measurement information for the target MS (e.g. TA
value). A BSSLAP Reset shall also include the current location area code if there has been any change of location area
since the location request for the target MS was first sent to the SMLC and if the current location area code was not yet
reported to the SMLC in a previous BSSLAP Reset.

8.5.3.5 Priority of Handover and Other RR Management Procedures

If the transfer of RRLP messages between an SMLC and target MSisinterrupted by intra-BSC handover, inter-BSC
handover or any other intra-BSC RR management procedure, the BSC shall avoid delay to the handover or RR
management procedure by employing the preemption capability defined in 3GPP TS 44.006 and 3GPP TS 24.008. This
alows an RR Handover Command or other RR management command sent to the target M S to be assigned a "high”
priority at the datalink level enabling preemption of "low" priority RR Application Information messages (carrying
RRLP messages) which may have been sent earlier. This procedure ensures that any RRLP data still not transmitted to
the MS will be preempted (and discarded) by the data link layer inthe BTS prior to transmission of the Handover
Command or other RR Management command.

8.5.3.6 Interaction with Segmentation support for Legacy MS

If alocation information transfer to an MSinitiated by an SMLC is not active, the BSC shall discard any RRLP
message segment received from the M S. Once alocation service procedure has been started involving RRLP message
transfer to atarget M S, the BSC shall discard all RRLP segments received from the MS until it receivesthefirst or only
segment of a new RRLP message. The new RRLP message shall then be treated according to the state of the RRLP
message transfer as described in clause 8.1.

ETSI



3GPP TS 43.059 version 14.2.0 Release 14 45 ETSI TS 143 059 V14.2.0 (2017-10)

Further details regarding transfer and segmentation of RRLP messages between a BSC and M S can be found in
3GPP TS 44.018.

85.3.7 Overload

The BSC may indicate an inability to support location due to overload by rejecting with a cause indicating congestion a
BSSAP Perform Location request received from the MSC. If an SMLC has rejected a request from the BSC to perform
location with a cause indicating congestion, the BSC shall convey the rejection and cause to the MSC if the request was
MSC initiated. If the request was initiated by the BSC, the BSC may reduce the frequency of its location requests to the
SMLC according to the rules in 3GPP TS 49.031, which give precedence to location service requests with a higher
priority.

854 Procedures in the BSS in the PS Domain

8541 General Procedures

The BSS serving atarget MS shall supervise any network or MS location service procedure, including transfer of
positioning assistance datato an M S, and shall only allow one such procedure to be active at any time for any one
TLLI. If anew procedure isinstigated by the SMLC for any target MS, the BSS shall cancel any previous procedure
without notifying the SMLC or target MS. The new procedure shall then be treated according to the prevailing
conditions. If alocation information transfer to an MSinitiated by an SMLC is not active, the BSS shall discard any
RRLP message received from the M S viathe SGSN.

The BSC may optionally alow one A-GNSS or E-OTD positioning procedure and one Cell-based or U-TDOA
positioning procedure to be active concurrently for the same target MS. The BSC shall indicate the second independent
location procedure is supported when SMLC instigates a first positioning procedure for any MS. The SMLC may
initiate the concurrent positioning procedure only in when the BSC has indicated this capability. The BSC may disallow
the concurrent positioning procedure at any time.

In the concurrent positioning procedure, if the SMLC invokes afirst A-GNSS or E-OTD location procedure and then
invokes a second A-GNSS or E-OTD then the BSC shall cancel the first procedure and proceed with the second without
notifying the SMLC or target MS. In the concurrent location procedure, if the SMLC invokes afirst cell-based or U-
TDOA location procedure and then invokes a second cell-based or U-TDOA location procedure then the BSC shall
cancel the first procedure and proceed with the second positioning procedure without notifying the SMLC or target MS.

A serving BSS shall abort all existing location related procedures for a particular target M'S without notifying a target
MS if the SCCP connection to the SMLC isreleased. In the event of an abort when no BSSLAP procedure is active, but
alocation procedureis active, the BSS shall attempt to notify the SMLC using a BSSAP-LE Perform Location Abort.

A serving BSS shall abort all existing location related procedures for a particular target MS if the radio connection to
the MSislost. The SMLC shall be notified with a BSSAP-LE Perform Location Abort if no BSSLAP procedureis
currently active. If thereis an active BSSLAP procedure, the BSSLAP Abort message shall be sent to the SMLC.

A serving BSS shall return a BSSLAP Reject to the SMLC containing the cause of rejection, if the BSS receives the
BSSGP Position Response message from the SGSN indicating a failure.

8.5.4.2 Rejection of an SMLC Positioning Request

The BSS may reject any reguest from an SMLC for positioning or transfer of assistance datafor atarget MSif the
request cannot be performed. If the request is rejected, the BSS shall return aBSSLAP Reject to the SMLC containing
the cause of rejection.

8543 Overload

The BSS may indicate an inability to support location due to overload by rejecting with a cause indicating congestion
sent in a BSSGP Perform Location Response message to the SGSN. If an SMLC has rejected areguest from the BSSto
perform location with a cause indicating congestion, the BSS shall convey the rejection and cause to the SGSN if the
request was initiated by the SGSN. If the request was initiated by the BSS, the BSS may reduce the frequency of its
location requests to the SMLC according to the rulesin 3GPP TS 49.031, which give precedence to location service
requests with a higher priority.
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8.5.4.4 Inter BSS Cell Change

If the BSS detects (e.g. when it receives aBSSGP-FLUSH-LL PDU from the SGSN) that atarget M S has changed cell
to another BSS, it shall abort the positioning procedure by sending the BSSAP-LE Perform Location Abort to the
SMLC.

8.5.5 Void

8.6 Procedures in the Target MS

A target M S shall terminate any positioning procedure or the transfer of RRLP positioning assistance data without
sending any response to the SMLC if any RR message is received from the BSC that starts some other RR management
procedure, including a new positioning procedure. The new RR procedure shall then be executed by the M S.

A target M S shall terminate any positioning procedure or the transfer of RRLP positioning assi stance data without
sending any response to the SMLC if a Routing Area Update Request message is sent to the SGSN or if a suspension
request message is sent to the network or if its P-TMSI isreallocated.

8.7 Further Procedures for Handover

Handover procedures are described in 3GPP TS 23.271[7].

9 Positioning procedures

The following clause describes the positioning procedures for Timing Advance, Enhanced Observed Time Difference
and A-GNSS.

9.1 Positioning Procedure Initiation

9.1.1 Core Network Position Procedure Initiation over the A interface

This procedure is used by the Core Network to start the positioning procedure in GERAN over the A interface.

MSC | BSC| [SMLC | | MS|
>
1. BSSAP Perform Location|
Request

2. Common Positioning Procedure
for CS domain

k o

3. BSSAP Perform Location
Response

Figure 26: Positioning Procedure Initiation Over A Interface

1) The MSC sends the BSSAP Perform Location Request message on the existing SCCP connection for the target
MS to request the BSC to start the positioning procedure. The Location Type is always included. Depending on
the type of location request, additional parameters may be included to provide the Cell Identifier, Classmark
Information Type 3, LCS Client Type, Chosen Channel, LCS Priority, Quality of service, A-GNSS Assistance
Data, and APDU. In addition, the IMSI and / or the IMEI of the mobile station involved in the positioning
procedure may be provided by the MSC in order, if forwarded by the BSC, to allow the SMLC to maintain a
context between subsequent requests for a mobile station, to tune positioning for each mobile station and to add
more options for SMLC diagnostics.
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2) The common positioning procedures for CS domain are executed (see below).
3) The BSC sends the BSSAP Perform Location Response message to the MSC. A location estimate, velocity
estimate, positioning data, deciphering keys, or LCS Cause may be included.

9.1.2 Positioning Procedure Initiation from an Internal LCS Client for the
CS Domain (A/Gb mode)

Figure 27 illustrates how a serving BSC may obtain the location of atarget MSthat is already in dedicated mode on
behalf of some PLMN operator LCS client in GERAN — e.g. to support handover. The procedureis valid when local
regulatory requirements do not require privacy checking for PLMN operator initiated location.

|LCS Client I | SMLCI BSC | MS I

1. LCS Service Request

2. Common Positioning Procedures for
CS Domain

3. LCS Service|Response

Figure 27: Positioning Procedure Initiation from an Internal LCS Client

1) AnLCSclient within the GERAN requests the current location of atarget M S from the serving BSC
2) The common positioning procedures for CS domain are executed see Figure 28. The BSC returnsthe MS
location estimate to the requesting LCS client.

9.1.3 Core Network Position Procedure Initiation over the Gb interface

This procedure is used by the Core Network to start the positioning procedure in GERAN over the Gb interface except
for the Multilateration positioning methods (i.e. MTA and MOTD, treated in subclause 9.1.3a and is shown in Figure
27a1).

SGSN | BSS| |[sMLC | | MS|
1. BSSGP Perform Locati;
Request

2. Common Positioning Procedure
for PS domain

; |

3. BSSGP Perform Location
Response

Figure 27a: Positioning Procedure Initiation over Gb Interface

1) The SGSN sends the BSSGP Perform Location Request message to request the BSS to start the positioning
procedure. The TLLI, IMSI, DRX Parameters or eDRX Parameters, Current BV CI for the MS, Current NSEI for
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2)
3

the MS, Location Type, Current Cell Identifier, and LCS Capability |Es are always included. The SGSN may
also include the Coverage Class and MS Radio Access Capability |Esfor aMSthat supports EC-GSM-10T (see
3GPP TS 43.064). The IMSI, DRX Parameters or eDRX Parameters, Current BV CI for the MS, Current NSEI
for the MS and optionally the Coverage Class and MS Radio Access Capability shall be stored in the SCCP
signalling context towards the SMLC for potential usein a TA Request procedure later on. Depending on the
type of location request, additional parameters may be included in the BSSGP Perform Location Request
message to provide LCS Client Type, LCS Priority, LCS Quality of Service, and A-GNSS Assistance Data. In
addition, the IMEI of the mobile station involved in the positioning procedure may be provided by the SGSN.
TheIMSI and, if forwarded by the BSS, the IMEI, would allow the SMLC to maintain a context between
subsequent requests for a mobile station, to tune positioning for each mobile station and to add more options for
SMLC diagnostics.

The common positioning procedures for PS domain are executed (see clause 9.23).

The BSS sends the BSSGP Perform Location Response message to the SGSN. The TLLI and the BV CI
identifying the cell from which the last LLC PDU was received from the MS are alwaysincluded. A location
estimate, velocity estimate, positioning data, deciphering keys, or LCS Cause may be included.

9.1.3a Core Network Position Procedure Initiation over the Gb interface for

Multilateration Positioning methods

This procedure is used by the Core Network to start the Multilateration positioning methods in GERAN over the Gb
interface (i.e. MTA and MOTD). The signalling flow applies for an MS in Packet Idle mode only and is shown in
Figure 27a-1. When the serving cell of an M S is known the Multilateration positioning method in GERAN is triggered
by the Perform Location Request message sent from SGSN to BSS as depicted in clause 9.6.

SGSN SMLC BSS1 BSS2 MS

1. Paging request |(paging for positioning)

Y

2. MS performs autonomous
cell reselection
(once cell reselection timer expired)

3a. Paging response

%

3b. BSS performs TA estimation

for serving cell and collects MS

accuracy related measuement
quantities signalled by MS

3c. Paging response (LLC frame)

A

Figure 27a-1: Positioning Procedure Initiation over Gb Interface for Multilateration Positioning

If the MSisin Packet Idle mode (i.e. Ready timer is not running) the following procedure is executed.

1)

2)

Upon receiving a position request from a GMLC, the SGSN sends a paging request message to each BSS
supporting paging for positioning in the set of BSS managing cellsin the paging area corresponding to the target
MS and indicates in the paging request that a positioning event has triggered the paging, i.e. it sends a paging
request for positioning.

Thistriggers the MSto start the cell re-selection procedure unless a cell re-selection has been performed up to

[60] seconds prior to receiving the paging request message indicating that the paging istriggered by a
positioning event. The M S then reselects to the “best” cell.
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3) The MS sends a paging response to the SGSN, which may occur in the serving cell or in the new cell in case of
cell reselection. Due to the interim cell reselection procedure the paging response may be received from another
BSS (i.e. BSS 2) than the BSS (i.e. BSS 1) the paging request indicating the positioning cause was sent to.

a) Inthe paging response the MS includes M S accuracy related information (“MS Sync Accuracy”, “MS
Transmission Offset”) on the RR layer (see 3GPP TS 44.060 [28]).

b) The BSS estimates the timing advance (i.e. ava ue used as the “Multilateration Timing Advance’), including
a compensation using the reported “M S Transmission Offset”, as well as calculates the BTS Reception
Accuracy Level (see 3GPP TS 45.010 [42)]), applicable to the serving cell when the M S sends the paging
response.

€) The BSS sends the paging response including “M ultilateration Timing Advance”, “MS Sync Accuracy” and
“BTS Reception Accuracy Level”” inan UL-UNITDATA PDU to the SGSN.

Upon receiving the paging response from the BSS, the SGSN, includes the “Multilateration Timing Advance”, “MS
Sync Accuracy” and “BTS Reception Accuracy Level” sends a BSSGP PERFORM-LOCATION-REQUEST to the
BSS, managing the serving cell and follows the MTA or MOTD method related procedure as described in sub-clause
9.6.

9.1.4 Positioning Procedure Initiation from Core Network (lu mode)

This procedure is used by the Core Network to start the positioning procedure in GERAN Iu mode. This procedureis
used when the source node in the Core Network is the 3G-M SC (lu-csinterface) or when the source node in the Core
Network isthe 3G-SGSN (lu-psinterface).

MSC/ | BSC| ([SMLC | | MS |
SGSN

>

1. Location Reporting
Control

2. Positioning Procedure for lu mode

<

3. Location Report

Figure 27b: Positioning Procedure Initiation from Core Network (lu mode)

1) The MSC/SGSN sends the Location Reporting Control message on the existing SCCP connection for the target
MS to request the BSC to start the positioning procedure. The Location Type is always included. Depending on
the type of location request, additional parameters may be included to provide LCS Client Type, LCS Priority,
Quiality of service, and A-GNSS Assistance Data.

2) The Positioning Procedure for lu mode is executed (see below).

3) The BSC sends the Location Report message to the M SC/SGSN. A location estimate (with optional velocity
estimate), or LCS Cause may be included.

9.1.5 Positioning Procedure Initiation from Internal LCS Client (lu mode)

FFS.

9.2 Common Positioning Procedure for CS Domain in A/Gb
mode

This procedure is common to al positioning methods in the CS domain.
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1)

2)

3)

SMLC] BSC [ MS ]

<

1. BSSAP-LE Perform Location
Request

2.Messages forindividual positioning methods

4

3. BSSAP-LE Perform Location
Response

Figure 28: Common Positioning Procedure for CS Domain

The BSC sends the BSSAP-LE Perform Location Request message to request the SMLC to start the positioning
procedure. The Location Type and Current Cell Identifier IEs are aways included. Depending on the type of
location request, additional parameters may be included to provide Measurement Report (in BSSLAP APDU
IE), LCS Client Type, Classmark Information Type 3, Chosen Channel, LCS Priority, LCS Quality of Service,
and A-GNSS Assistance Data. In addition, the IMS| and / or the IMEI of the mobile station involved in the
positioning procedure may be provided by the BSC in order to allow the SMLC to maintain a context between
subsequent requests for a mobile station, to tune positioning for each mobile station and to add more options for
SMLC diagnostics.

If location information is requested and the location accuracy within the QoS, if provided, can be satisfied by the
reported cell ID and, if available, TA vaue, the SMLC may send a BSSAP-LE Perform Location Response
message immediately. Otherwise, the SMLC determines the positioning method and instigates the particular
message sequence for this method defined in subsequent clauses. If the position method returns position
measurements, the SMLC uses them to compute a location estimate (with optional velocity estimate). If there
has been a failure to obtain position measurements, the SMLC may use the current cell ID and, if available, TA
value to derive an approximate location estimate. If a computed location estimate is returned for an MS based
position method, the SMLC may verify consistency with the current cell ID and, if available, TA value. If the
location estimate so obtained does not satisfy the requested accuracy or the location attempt failed, e.g. dueto
missing data, and sufficient response time still remains, the SMLC may instigate a further location attempt using
the same (e.g. providing more assistance datato MS) or a different position method. If there is insufficient
response time for another position attempt, the SMLC shall return any location estimate already obtained even if
not satisfying the requested accuracy. If a vertical location co-ordinate is requested but the SMLC can only
obtain horizontal co-ordinates, these may be returned. Requirements on the geographic shape encoded within the
‘position information’ parameter may exist for certain LCS client types. The SMLC shall comply with any shape
reguirements defined in 3GPP. The SMLC in a certain country should attempt to comply with the shape
reguirements defined for a specific LCS client type in the relevant national standards of that country. If location
assistance datais requested, the SMLC transfers this data to the M S as described in subsequent clauses. The
SMLC determines the exact location assistance data to transfer according to the type of data specified by the M S,
the M S location capabilities and the current cell 1D. If deciphering keys are requested the SMLC obtains the
current keys.

The SMLC sends the BSSAP-LE Perform Location Response message to the BSC containing any location
estimate (with optional velocity estimate) or deciphering keys. In case of failure the cause value may be
included.

9.2a Common Positioning Procedure for PS Domain in A/Gb

mode

This procedure is common to all positioning methods in the PS domain.
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SMLC BSS MS |

<

1. BSSAP-LE Perform Location
Request

2.Messages for individual positioning methods

g

3. BSSAP-LE Perform Location
Response

Figure 28a: Common Positioning Procedure for PS Domain

1) The BSS sends the BSSAP-LE Perform Location Request message to request the SMLC to start the positioning
procedure. The Location Type, and Current Cell Identifier |Es are always included. If the Timing Advance value
for the MSisavailablein the BSS, it shall be included (in BSSLAP APDU IE). Depending on the type of
location request and the M'S capability, additional parameters may be included to provide Measurement Report
(inBSSLAP APDU IE), Packet Measurement Report, LCS Client Type, LCS Capability, LCS Priority, LCS
Quality of Service, and A-GNSS Assistance Data. In addition, the IMSI and / or the IMEI of the mobile station
involved in the positioning procedure may be provided by the BSSin order to allow the SMLC to maintain a
context between subsequent requests for a mobile station, to tune positioning for each mobile station and to add
more options for SMLC diagnostics.

2) Seestep 2 of clause 9.2 "Common Positioning Procedure for CS Domain in A/Gb mode". For aM S that only
supports EC-GSM-IoT only the TA based positioning method is supported, see clause 9.3a.

3) The SMLC sendsthe BSSAP-LE Perform Location Response message to the BSS. A location estimate, velocity
estimate, positioning data, deciphering keys, or LCS Cause may be included.

9.2b  Common Positioning Procedure for lu mode

This procedure is common to all positioning methodsin the lu mode.

SMLC| BSC | MS

<

1. BSSAP-LE Perform Location
Request

2.Messages for individual positioning methods

4

3. BSSAP-LE Perform Location
Response

Figure 28b:Common Positioning Procedure

1. The BSC sendsthe BSSAP-LE Perform Location Request message to request the SMLC to start the positioning
procedure.

2. See step 2 of Clause 9.2 "Common Positioning Procedure for CS Domain in A/Gb Mode."

3. The SMLC sends the BSSAP-LE Perform Location Response message to the BSC containing any location
estimate (with optional velocity estimate) or deciphering keys. In case of failure the cause value may be
included.
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9.2c  GPRS Cell Change for the PS Domain in A/Gb mode

9.2c.1 Intra-BSS Cell Change

The procedure shown below is used in order to keep an SMLC updated about Intra-BSS cell changes during a
positioning procedure for atarget MS in the PS domain in A/Gb-mode (note that unlike the CS domain and handover,
the BSSLAP reset procedure is not used). The following procedure is applicable except when U-TDOA positioning is
ongoing in the BSS as described in sub-clause 9.5.2.4 of this specification.

SMLC BSS SGSN MS
< 1
Cell Update/RA Update
< 2.
BSSGP FLUSH-LL
3. q

BSSGP FLUSH-LL-ACK

BSSAP-LE Perform Location
Information

Figure 28c: Cell Change with BSSAP-LE Perform Location Information for the PS Domain

1. The MSdetectsacell change and sends a cell update message or routing area update message to the SGSN (for
more information, see 3GPP TS 23.060).

2. The SGSN sendsaBSSGP FLUSH-LL PDU to the BSS. If the cell change is an Inter-NSE Cell Change, the
NSEI of the new cell is provided.

3. The BSS acknowledges by sending aBSSGP FLUSH-LL-ACK PDU to the SGSN.

4. The BSS detects that a positioning procedure is active and the BSS is able to continue the positioning procedure
in the new cell and sends a BSSAP-LE Perform Location Information message to the SMLC. This message
contains the Cell Identifier for the new cell. If the Timing Advance value for the MSin the new cell is available
inthe BSS, it shall also be included. The BSS may send this message either if it receives the indication from the
SGSN about the cell change (the BSSGP FLUSH-LL) or if it detects the cell change on its own (e.g. network
controlled cell reselection).

9.2c.2 Inter-BSS Cell Change

The procedure shown below is used to abort the positioning procedure when an Inter-BSS cell change occurs for a
target MSin the PS domain in A/Gb-mode. The following procedure is applicable except when U-TDOA positioning is
ongoing in the BSS as described in sub-clause 9.5.2.5 of this specification.
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SMLC BSS SGSN MS

1.
<
Cell Update/RA Update

<
BSSGP FLUSH-LL

3.
BSSGP FLUSH-LL-ACK

BSSAP-LE Perform Location
Abort

Figure 28d: Cell Change with positioning abort for the PS Domain

1. The MSdetects acell change and sends a cell update message or routing area update message to the SGSN (for
more information, see 3GPP TS 23.060).

2. The SGSN sends a BSSGP FLUSH-LL PDU to the BSS. The NSEI of the new cell is provided.
3. The BSS acknowledges by sending a BSSGP FLUSH-LL-ACK PDU to the SGSN.

4. The BSS detects that a positioning procedure is active and that the BSS is not able to continue the positioning
procedure in the new cell (e.g. Inter BSS Cell Change) and sends a BSSAP-LE Perform Location Abort message
to the SMLC. The |IE LCS Cause indicates the reason for the abort (e.g. “Inter BSS Cell Change”). The BSS then
awaits the BSSAP-LE Perform Location Response from the SMLC, which it will forward in aBSSGP Perform
L ocation Response to the SGSN.

9.3 TA Based Positioning in CS Domain for A/Gb-mode

The TA is based on the existing Timing Advance (TA) parameter. The TA value is known for the serving BTS. To
obtain TA valuesin case the MSisin idle mode a specia 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.

9.3.1 Definition of TA states

9311 MS in IDLE State

In IDLE state the M'S may be paged or may request an originating (e.g. emergency) call. The paging response message
or CM Service Request, in each case respectively, received in COMPLETE_LAYER_3 message may contain location
information that includes the TA value. If available, the TA value and other location information shall be provided to
the SMLC by the requesting BSC along with the current serving cell 1D in the BSSAP-LE Perform Location request.
This enables TA based positioning in the SMLC without any further interactions.

9.3.1.2 MS in DEDICATED State
In DEDICATED state the SMLC shall send aTA_REQUEST to request the TA value from the serving BSC. The BSC

shall respond with either a TA_RESPONSE carrying the TA value and possibly other radio measurements from the MS
or a Reset. The associated procedure is described in the next clause.
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9.3.2  TA Positioning Procedure

This TA positioning procedure is generic for a standalone SMLC or integrate SMLC in the BSC.

SMLC BSC MS

1. BSSMAP-LE Connection Oriented
Information
(TA Request)

2. BSSMAP-LE Connection Oriented
Information
(TA Response or Reset)

Figure 29: TA Positioning Procedure for the SMLC in the CS Domain

1) The SMLC sends a BSSAP-LE Connection Oriented Information message to the BSC serving a particular target
MS. The APDU parameter in this message contains aBSSLAP TA Request.

2) Provided the location areafor the target M S has not changed or, if changed, was previously reported to the
SMLC, the BSC returns the current TA value and current serving cell for the target MSto the SMLCina
BSSLAP TA response contained within a BSSAP-LE Connection Oriented Information message. The TA
response may also include the latest measurement results received from the target M S for the serving and
neighbouring cells. If the location area for the target M S has changed since the location request was first sent to
the SMLC and if the new location area has not yet been reported to the SMLC, the BSC shall return aBSSLAP
Reset to the SMLC within aBSSMAP-LE Connection Oriented |nformation message. The Reset shall include
the current serving cell, the current location area code, a cause value indicating “intra-BSC handover” and the
current TA value and may include the latest measurement results received from the target M S for the serving and
neighboring cells. The SMLC then derives alocation estimate for the target MS based on the received serving
cell ID, location area code if included, TA value and other measurement resultsif included.

NOTE: Inthe case of apreviousintra-BSC handover to acell in adifferent PLMN (different MCC, MNC
combination), the SMLC would receive a BSSLAP Reset containing the new location area code and new
cell ID. The SMLC may then deduce the new M CC and MNC from the uniqueness, when this applies, of
the combined values for the new location area code and cell ID compared to the corresponding values for
neighbouring cells.

9.3.3 Unsuccessful TA positioning procedure in BSC

There are three messages defined to handle error scenarios during positioning procedure in BSC. The messages are 1)
Reject, 2) Abort and 3) Reset. Refer to 3GPP TS 48.071 [21] for detalls.

After receiving the BSSLAP TA Request in BSC, a Reject will be sent with proper cause value from BSCto SMLC in
"BSSAP-LE Connection Oriented Information Message" if TA positioning cannot be performed in BSC at that time for
reasons other than handover or another ongoing RR management procedure.

An Abort or Reset is possible if the TA positioning cannot be done in BSC during that time. Reset issent to SMLC to
indicate when the positioning needs to be restarted after temporary interruption due to intra BSC HO or other intrasBSC
RR management. The contents of a Reset shall be as defined in step 2 in section 9.3.2. Abort is used to indicate to
SMLC the failure of the current TA positioning attempt (e.g. due to inter-BSC handover) and allowing a new one from
application level.

9.3a TA Based Positioning in PS Domain for A/Gb-mode

The TA isbased on the existing Timing Advance (TA) parameter. The TA value is known for the serving BTS. To
obtain TA vauesin casethe MSisin packet idle mode and the value is not available in the BTS signalling is used to
retrieve it. The cell-ID of the serving cell and the TA isreturned as the result of the TA procedure.

If available, the TA value shall be provided to the SMLC by the requesting BSS in the BSSAP-LE Perform Location
request. This enables TA based positioning in the SMLC without any further interactions. The current serving cell 1D
shall always be provided by the BSS to the SMLC.
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9.3a.1 Definition of PS Domain TA Modes

9.3a.1.1 MS in Packet Idle Mode

When the BSS receives a TA Request message and the MSisin Packet Idle Mode and the TA valueis not available in
the BSS, the M'S may be paged or may be sent a Packet Polling Request message. If there isa PBCCH allocated in the
current cell, the BSS will send a Packet Polling Request message to the MS. If thereis no PBCCH allocated in the
current cell, the BSS will perform packet paging (sends a Paging Request Type 1, 2, or 3 message) for the M S.

The paging response message or Packet Control Acknowledgement message will provide the TA value to the BSS and
thiswill be provided to the SMLC, possibly together with other radio measurements from the MS, in the TA Response
message. The associated procedure is described below.

For an MSin EC operation the BSS will send an EC Paging Request message to the MS.

9.3a.1.2 MS in Packet Transfer Mode

When the BSS receives a TA Request message and the MSisin Packet Transfer Mode and the TA valueis not
available in the BSS the MS shall be sent a Packet Polling Request message.

The Packet Control Acknowledgement message will provide the TA value to the BSS and it will be provided to the
SMLC, possibly together with other radio measurements from the MS, in the TA Response message. The associated
procedure is described in the next clause.

For an MSin EC operation the BSS shall send an EC Packet Polling Request message instead of a Packet Polling
Request message to the MS. The EC Packet Control Acknowledgement message will provide the TA value to the BSS.
9.3a.2 TA Positioning Procedure

This TA positioning procedure is generic for a standalone SMLC or integrate SMLC in the BSS.

For aTA positioning procedure when the MSisin EC operation see sub-clause 9.3a.2a.

[smc] [SGSN] [ BSS] [ Ms
1. BSSAP-LE Connection Oriented
Inf ormation - »
(TA Request) 2a. Packet Paging
<

3a. Any LLC frame

or

P

2b. Packet Polling Req:

3b. Packet Control Ack.

4. BSSAP-LE Connection Oriented
Inf ormation
(TA Response)

Figure 29a: TA Positioning Procedure for the SMLC in the PS Domain

1) If the SMLC has not already received the TA Value in the BSSAP-LE Perform Location Request message, the
SMLC sends a BSSAP-LE Connection Oriented Information message to the BSS serving a particular target M S.
The APDU parameter in this message containsaBSSLAP TA Request.

2) Ifthe TA valueisavailablein the BSS, the BSS immediately returnsit in step 4, otherwise the BSS either
performs a packet paging procedure or sends a Packet Polling Request message (for details, see clause 9.5.2).

2a) If thereis no PBCCH allocated in the current cell and the MSisin Packet Idle Mode, the BSS will perform
packet paging (sends a Paging Request Type 1, 2, or 3 message) for the MS.
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3)

4)

2b) If thereisa PBCCH allocated in the current cell or the MSisin Packet Transfer Mode, the BSS will send a
Packet Polling Request message to the M S.

The MS respondsto the BSS.
3a) If the MS receives the packet paging it will send a page response.

3b) If the M S receives a Packet Polling Request message it will return a Packet Control Acknowledgement
message.

The BSS returns the current TA value and current serving cell for the target MSto the SMLCinaBSSLAP TA
response contained within a BSSAP-LE Connection Oriented Information message. The TA response may also
include the latest measurement results received from the target M S for the serving and neighbouring cells. The
SMLC then derives alocation estimate for the target M S based on the received serving cell ID, TA value and
other measurement results if included.

9.3a.2a TA Positioning Procedure for an MS in EC operation

This TA positioning procedure is generic for a standalone SMLC or an integrated SMLC in the BSS.

1

2)

3)

4)

I Jda. ANy LLU lrame E

or

|

2b. EC Packet Polling Req.

3b. EC Packet Control Ack.

4. BSSAP-LE Connection Oriented
Information
(TA Response)

Figure 29b: TA Positioning Procedure for the SMLC when the MS is in EC operation

If the SMLC has not aready received the TA Value in the BSSAP-LE Perform Location Request message, the
SMLC sends a BSSAP-LE Connection Oriented Information message to the BSS serving a particular target M S.
The APDU parameter in this message contains a BSSLAP TA Request.

If the TA valueisavailable in the BSS, the BSS immediately returnsit in step 4, otherwise the BSS either
performs a paging procedure or sends an EC Packet Polling Request message to the MS.

2a) If the MSisin Packet Idle Mode, the BSS will send an EC-Paging Request message to the M S.

2b) If the MSisin Packet Transfer Mode, the BSS will send an EC Packet Polling Request message to the M S.
The M S responds to the BSS.

3a) If the M S receives the paging it will send a page response.

3b) If the M S receives an EC Packet Polling Request message it will return an EC Packet Control
Acknowledgement message.

The BSS returns the current TA value and current serving cell for the target MSto the SMLCinaBSSLAP TA
response contained within a BSSAP-LE Connection Oriented Information message. The SMLC then derives a
location estimate for the target M S based on the received serving cell ID and the TA value.
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9.3a.3 Unsuccessful TA positioning procedure in BSS

There are three messages defined to handle error scenarios during positioning procedure in BSS. The messages are 1)
Reject, 2) Abort and 3) Reset. Refer to 3GPP TS 48.071 [21] for details. The Reset message does not apply for PS
domain.

After receiving the BSSLAP TA Request in BSS, a Reject will be sent with proper cause value from BSSto SMLC in
"BSSAP-LE Connection Oriented Information Message" if TA positioning cannot be performed in BSS at that time for
reasons other than handover or another ongoing RR management procedure.

An Abort is possible if the TA positioning cannot be done in the BSS during that time. Abort is used to indicate to
SMLC thefailure of the current TA positioning attempt (e.g. due to reception of an BSSGP_Perform_L ocation_Abort
from the SGSN) and allowing a new one from application level.

9.4 E-OTD and A-GNSS Positioning Procedures

9.4.1 General procedures

For any location request where the highest priority level is assigned and M S-based A-GNSS positioning is not used, the
SMLC functionality shall provide sufficient assistance data to atarget MS to enable alocation estimate, velocity
estimate, or location measurements to succeed according to the required QoS on the first attempt. The SMLC shall not
assume in this case that the target M S already possesses assi stance data. For alower priority location request or when

M S-based A-GNSS positioning is used, the SMLC may reduce the assistance data provided to atarget MS on the first
location attempt.

In the high priority case with M S-assisted GNSS for the first positioning attempt, acquisition assistance data shall be
included in the RRLP measure position request message.

9.4.2 Positioning Request

Thissignaling flow is generic for all MS based or assisted |ocation methods (MS Based E-OTD, MS Assisted E-OTD,
MS Based A-GNSS, and MS Assisted A-GNSS). The signaling flow below applies to integrated and standalone SMLCs
inacircuit switched network.

If the SMLC desiresto avoid lower layer (e.g. BSSAP-LE) segmentation, see clause 6.1.2, and transfer the LCS
assistance data more reliably, this procedure may be preceded by an " Assistance Data Delivery" procedure. Note, that
part of the entire set of assistance data may be included in the RRLP Measure Position Request even when the message
ispreceded by an "Assistance Data Delivery" procedure.

If the M S has indicated support for providing M S positioning capabilities using RRLP in the MS Classmark 3 |E for
GSM (see 3GPP TS 24.008), in the PS LCS Capability |E for GERAN Gb mode (see 3GPP TS 24.008), or inthe MS
Positioning Capability |E for GERAN lu mode, this procedure may be preceded by a “Positioning Capability Transfer”
procedure.
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1)

2)

3)
4)

5)

6)

3. RRLP Measure Position Request

4. RRLP Measure Position Requiest

| 5. RRLP Measure Position Response

6. RRLP Measure Position Respohse

Figure 30: E-OTD or A-GNSS Position Request Flow

The SMLC may precede the RRLP MEASURE POSITION REQUEST or Assistance Data Delivery procedure
with a Position Capability Transfer procedure, if the MS supports the transfer of MS positioning capabilities
using RRLP.

The SMLC may precede the RRLP MEASURE POSITION REQUEST with an optional Assistance Data
Delivery procedure.

The SMLC determines possible assistance data and sends RRLP MEASURE POSITION REQUEST to the BSC.

The BSC forwards the positioning request including the QoS and any assistance datato the MSin aRRLP
MEASURE POSITION REQUEST.

The MS performs the requested E-OTD or GNSS measurements, if needed assistance datais available in the M S.
If the MSis ableto calculate its own location and thisis required and needed assistance datais availablein MS,
the M'S computes a location estimate based on E-OTD or GNSS measurements. In case of E-OTD, any data
necessary to perform these operations will either be provided in the RRLP MEASURE POSITION REQUEST or
available from broadcast sources. In case of A-GNSS (both M S based and M S assisted) and first positioning
attempt, a minimum set of A-GNSS assistance data will be either provided in the RRLP MEASURE POSITION
REQUEST or available from broadcast sources. For further positioning attempt (failure in first attempt due to
missing assistance data), sufficient A-GNSS assistance data, possibly excluding the assistance data sent in the
first attempt, will be provided in the RRLP MEASURE POSITION REQUEST and possibly preceding RRLP
ASSISTANCE DATA messages. The resulting E-OTD or GNSS measurements or E-OTD or GNSS location
estimate (with optional velocity estimate) are returned to the BSC in a RRLP MEASURE POSITION
RESPONSE. If the MS was unable to perform the necessary measurements, or compute a location, afailure
indication identifying the reason for failure (e.g. missing assistance data) is returned instead. In case of A-GNSS,
if the M'S was unable to compute a location, the GNSS measurements are also optionally returned if allowed by
the network. If the RRLP message is larger than the RRLP maximum PDU size, severa RRLP MEASURE
POSITION RESPONSE messages are sent (i.e. the RRLP pseudo-segmentation is used).

BSC forwards the RRLP MEASURE POSITION response to SMLC.

9.4.3  Assistance Data Delivery

This signalling flow is generic for MS Based and MS Assisted E-OTD, and MS Based or MS Assisted A-GNSSin a
circuit switched network.

If the SMLC desiresto avoid lower layer (e.g. BSSAP-LE) segmentation and transfer the L CS assistance data more
reliably, the sequence 1-4 illustrated in the figure below may be repeated several times to deliver more assistance data
than can be sent by one RRLP Assistance Data Delivery message. In this case, each individual message isindependent
such that the data received in one message is stored in the M S independently of the other RRLP Assistance Data
messages (i.e. an error of delivery of one message does not require aretransmission of al the RRLP Assistance Data
messages). The SMLC shall indicate in the RRLP ASSISTANCE DATA message if more RRLP ASSISTANCE DATA
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messages will be used after the current one in order to deliver the entire set of assistance data. Data that is specific to the
current cell should be sent in the last message this is recommended so that assistance data for the correct cell is
available to the MS after a handover.

SMLC BSC MS

1. RRLP Assistance Data

2. RRLP Assistance Data

< 3. RRLP Assistance Data Ack.

< 4. RRLP Assistance Data Ack.

Figure 31: E-OTD or A-GNSS Assistance Data Delivery Flow

1) The SMLC determines assistance data and sendsit in the RRLP ASSISTANCE DATA message to the BSC.
2) The BSC forwards the assistance datato the MSin a RRLP ASSISTANCE DATA message.

3) The MS acknowledges the reception of complete assistance data to the BSC with a RRLP ASSISTANCE DATA
Ack.

4) The BSC forwards the RRLP ASSISTANCE DATA Ack messageto the SMLC.

9.4.3a Positioning Capability Transfer

The purpose of this procedure is to enable the SMLC to obtain the positioning capabilities of the M S, the types of
assistance supported and the types of assistance data that may be needed from the SMLC. M S support for this procedure
can be indicated to the SMLC using the MS Classmark 3 |E for GSM (see 3GPP TS 24.008), the PS LCS Capability IE
for GERAN Gb mode (see 3GPP TS 24.008) and the M'S Positioning Capahility |E for GERAN Iu mode.

SMLC BSC MS

—F

1| RRLP Position Capability Reques

2.|RRLP Position Capability Requefst

3.|RRLP Position Capability Response

4, BRLP Position Capability Response

Figure 31a: RRLP Position Capability Transfer Flow

1) The SMLC determinesthat the target M S supports M S Positioning Capability Transfer using RRLP and sends a
Positioning Capability Request message to the BSC.

2) The BSC forwards the Positioning Capability Request message to the M S.
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3) The MS sends the Positioning Capability Response message to the BSC. The response message shall include the
positioning capabilities of the MS and the types of supported assistance data (if applicable). The message may
include the types of assistance needed by the MS to obtain a location estimate or positioning measurements.

4) The BSC forwards the Positioning Capability Response message to the SMLC.

9.4.4 Error Handling for E-OTD and A-GNSS in CS Domain

This clause describes error handling for positioning and transfer of assistance datafor E-OTD and A-GNSS. For a
description of error handling involving segmentation, and more details on usage of a BSSLAP Abort, Reject and Reset
refer to clause 8.5 Exception Procedures.

Casel: Whenthe RRLP request comesto BSC for E-OTD and A-GNSS, The BSC will send a BSSLAP reject
message to SMLC if the request cannot be supported in the BSC for reasons other than an ongoing intra
BSC or inter BSC handover or other ongoing RR management procedure. For an ongoing intra BSC HO
or other RR management procedure, the BSC shall return a BSSL AP Reset when the handover or RR
management procedure is complete. The SMLC may then start the RRLP request (if thereistime) again.
For ongoing inter-BSC HO, the BSC shall return a BSSLAP Abort. The location service request may then
restart from the LCS Client, VM SC or SGSN.

Case2: When the RRLP request comesto BSC from SMLC, BSC sends the "RRLP request” to the MSiif thereis
no ongoing HO or other RR management procedure at that point. If an intra-BSC HO or other RR
management procedure isinitiated in BSC, the BSC sends the HO or other RR management command to
MS. A timer will then be started in BSC, the duration of which is network dependent, but typically 6 (six)
seconds. Upon receiving the HO of other RR management command, the MS will stop the location
procedure and start on handover or other RR management procedure, since this has higher priority than
location. The MS will then send the HO complete or other RR management response message to BSC.
When this message is received before the expiration of BSC timer, a BSSLAP Reset message will be sent
to SMLC from BSC. The Reset will tell SMLC to start another location service request if there is enough
time.

Case3: DuringintraBSC HO or other intra-BSC RR management procedure, if aHO complete or RR
management procedure completion was not received in BSC and the corresponding timer expired. In this
case areset or abort message will be sent to SMLC indicating M S timeout. The location service may then
restart from either the SMLC if areset was sent or from the LCS Client, VM SC or SGSN if an abort was
sent.

Case4: If aninter-BSC handover is needed during alocation procedure or if the BSC times out on an RRLP
response from the target MS, the BSC shall send a BSSLAP Abort to the SMLC. The location service
attempt may then be restarted from the LCS Client, VM SC, or SGSN.
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9.4.5

SMLC

Error Handling for the SMLC in CS Domain

BSC

1. RRLP Request

9.4.5a

Case 1:

Case 2:

Case 3:
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2. Reject or Reset or Abort (Case 1)
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OR

Intra-BSC Handover Initiated, T3103 started Kpemsrmnnrenn

Handover attempt completed

5. Reset (Case 2)

OR

5'. Reset or Abort (Case 3)

N/

OR

5. Abort (Case 4)

4. HO Complete
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X Inter-BSC handover required of BSC
i
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K T3103 Expired, HO complete npt received

OR

meout on an RRLP response frorn the MS

Figure 32: Error Handling for the SMLC in the CS Domain

Error Handling for E-OTD and A-GNSS in PS Domain

When the RRLP request comesto BSS for E-OTD and A-GNSS, the BSS will send a BSSLAP reject

message to SMLC if the request cannot be supported in the BSS.

When the RRLP request comesto BSS from SMLC, BSS sends the "RRLP request” to the MS viathe
SGSN and starts position supervision timer. After this, if the BSS determines that the current location
procedure cannot be continued, the BSS sends an abort message to the SMLC. Notice that an MS
reselection to anew cell isnot areason for the BSS to abort the procedure.

If the position supervision timer times out in BSS before the RRLP response from the target MSis
received, the BSS shall send aBSSLAP Abort to the SMLC. The location service attempt may then be

restarted from the LCS Client, VM SC, or SGSN.
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SMLC BSS SGSN MS

1. RRLP Request

Reject (case 1)

2. RRLP Request g
Position 3. RRLP Request
supervision
timer started

RRLP Response

RRLP Response

Positior supervision
timer eXpired

Abort (case 3)

Figure 32a: Error Handling for the SMLC in PS domain

9.4.6 Broadcast of Assistance Data

In MS Based E-OTD, MS Based GPS and M S Assisted A-GNSS systems, there may be a need for assistance data to be
broadcast to the MS. The assistance data to be broadcast for MS Based E-OTD contains the Real Time Difference
(RTD) values (in case of a non-synchronised network) and Base Transceiver Station (BTS) coordinates. In addition, the
broadcast data contains other information simplifying the E-OTD measurements. The broadcast of A-GNSS assistance
data may make available the same information asin A-GNSS point-to-point signalling. It improves the location
accuracy for MS Based implementations, increases the sensitivity, enables LM U-independent time dissemination and
assists the acquisition of satellite signals for both MS Based and M S Assisted implementations.

The CS mechanism (Cell Broadcast on CBCH) is used for broadcast of assistance datafor all MSs, irrespective of
which domain (CS or PS) they are located in. Notice that it may take longer for an M S in the PS domain compared to
the CS domain to read all the broadcast data. Thisis because the PBCCH is not co-ordinated with the CBCH and
therefore, the MS may have to skip reading a CBCH dlot in order to listen for a potential paging message.

The E-OTD assistance data to be broadcast isin compressed format where the redundant information is not included.
The MSis capable to reconstruct the E-OTD assistance data using the message header information. The length of the
message is depending on how many neighbours are included in the E-OTD assistance data as well as whether the
redundant information can be removed from the message. The typical size of one broadcast message will be less than 82
octets. Part of the broadcast message (serving and neighbour base station coordinates) may be ciphered.

The contents of the broadcast message for the E-OTD and A-GNSS assistance data is described in 3GPP TS 44.035
[16]. The support for these broadcast messages is optional for network and MS.

The broadcast channel which isused to broadcast the E-OTD and A-GNSS assistance data make use of the existing
basic or extended CBCH and SMSCB DRX service. The LCS broadcast messages need to be either scheduled, or
prioritised over other broadcast messages to avoid any delay.

9.46.1 Point-To-Multipoint Assistance Data Broadcast Flow

This signalling flow is generic for MS Based E-OTD, MS Based A-GNSS and M S Assisted A-GNSS methods. The E-
OTD/A-GNSS Assistance Data Broadcast Message is created in SMLC and the whole message including the ciphered
parts and parameters to control the transfer are transferred with below flow from SMLC to MS. SMSCB DRX service
isused for LCS assistance data broadcast. Prior receiving the first schedule message M S should read first block of each
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message lot to be able to receive the LCS Broadcast Data or the schedule message. After receiving the schedule
message M S should receive the LCS Broadcast Data messages according the schedule information.

CBC SMLC | BSC BTS MS

1. LCS Broadcast Data(data & parameters)

<

2. SMSCB messages between CBC — BSC — BTS described in 3GPP TS 23.041

4. LCS Broadcast Data(data)
message from BTS to MS
described in 3GPP TS 23.041

3. LCS Broadcast Data Response

Figure 33: E-OTD/A-GNSS Broadcast Data Flow

1) SMLC sends the complete broadcast message to CBC with LCS Broadcast Data message. This LCS Broadcast
Data message contains the data to be broadcasted as well as parameters that indicate to which BTS the broadcast
message is targeted and what time the broadcast should happen. LCS Broadcast Data (data & parameters)
message may also contain the SMSCB scheduling information which can be utilised for the SMSCB DRX
feature specified in 3GPP TS 44.012 [13] specification. SMSCB DRX operation isrequired in order that MS
performance can be optimised.

2) CBC starts message transfer to BSC and BTS according to 3GPP TS 23.041 [6].

3) LCS Broadcast Data Response message from CBC to SMLC is used to indicate that the LCS Broadcast Data has
been delivery request has been fulfilled. This message is hot mandatory

4) BTS starts the message transfer to M S according to 3GPP TS 23.041 [6].

Implementations that have SMLC and/or CBC integrated into BSC may use other message signalling.

9.4.6.2 Ciphering

In order for the operators to control the access to the assistance data, parts of the broadcast data may be ciphered.
Ciphering is done with a specific key delivered by the network for this purpose. The deciphering keys may be requested
by the MS as described in 3GPP TS 23.271 [7]. The LCS Broadcast Data, when ciphered, will be partialy ciphered
according to the LCS broadcast message definitions specified in 3GPP TS 44.035 [16]. The parts that will be ciphered
in E-OTD LCS Broadcast Data message are neighbour RTD values, serving and neighbour BTS coordinates. For A-
GNSS, all assistance data may be ciphered, The MS s capable to decipher the broadcast message (ciphered parts) using
the cipher key (56 hits) delivered from the Core Network to MS and using the Ciphering Serial Number (16 bits)
included in the broadcast message.

9.46.2.1 Algorithm

The algorithm used for ciphering is the standard 56-bit DES a gorithm. The deciphering of broadcast messagesis done
inthe MS. SMLC ciphersthe LCS Broadcast Data message (part of message is ciphered) using the deciphering keys
(56 bits) and Ciphering Serial Number (16 bits) included in broadcast message using 56-bit DES algorithm.

The ciphered part is variable length with one bit resolution. From LCS Broadcast Data message header M S can compute
what part of message is ciphered.

Inputs to the 56-bit DES algorithm are the following:
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- 56-bit key K (deciphering key);
- 16-hit Ciphering Serial Number from broadcast message which is denoted here by 1V (initialisation vector);
- plaintext bits (the ciphered part of broadcast message).

Encryption is done by producing a mask bit stream which is then added bit-by-bit to the plaintext data (X OR-operation)
to obtain the cipher text data. First IV is concatenated with O-bitsin order to achieve a 64-bit block 11. Thisblock isthen
encrypted by the DES agorithm using the key K. Output is a 64-bit block I,. This constitutes the first 64 bits of the
mask bit stream. If the message is longer than 64 bits, then more bits are needed. Those are produced by encrypting |»
again by the DES algorithm using the key K. Output is a 64-bit block I3. This congtitutes the next 64 bits of the mask bit
stream. This iteration is continued until enough bits are produced. The unnecessary bits from the last 64-bit block |; are
discarded. Below figure describes the first two mask bit generations and the two ciphered 64-bit blocks.

| 1 |Ciphering Serial Number(16 bits) Fill Bits (48 bits)

o + K Ciphering Key (56 bits) } D ES

Qo ‘I I, 1st Mask Bit Stream (64 bits) [

| .

| 1st 64-bit block of the broadcast message to be ciphered

1st 64-bit ciphered block to the broadcast message [* —
// \\\
e it >|'I \
1
e » DES |
\ £
N J
\§~_I__,’
e ! 1
i |3 2nd Mask Bit Stream (64 bits) :4“““““_‘:_"___‘
L ——— ettt A - S~
| e e o e e e e e e e e e e e e e e e e e e e »[, ~
1
oI ¥ XOR _
T___________________________l ___________________________ [} “——_.'_——”

Figure 34 : Ciphering Algorithm

Decryption is done similarly. The same mask bit stream is produced. This time the mask stream bits are added bit-by-bit
(XORed) to the ciphertext data bits. The result will be the plain text data.

9.4.6.3 Deciphering key control and delivery to MS

The deciphering keys are needed in MS if the LCS Broadcast Data (ciphered parts) is ciphered. The deciphering keys
control system contains two keys (the Current Deciphering Key and the Next Deciphering Key) and the Ciphering Key
Flag (indicating the current Ciphering Key Flag state in the location areain the time that the deciphering key set is
delivered from SMLC to MS). Two Deciphering Keys are needed in order to overcome the problem of unsynchronised
nature of the periodic location updates that M Ss make in the location area. The SMLC controls the keys and there are
following requirements related to the deciphering keys:

- Deciphering Key Set (Current and Next Deciphering Key, Ciphering Key Flag) are always location area specific.

- One SMLC controls the deciphering key set changes inside the location area and in case several SMLCsin the
location area then one coordinating SMLC for the deciphering key set control must be nominated. The SMLC
configuration is done with O& M procedures.
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- The coordinating SMLC delivers the new deciphering key set to the other SMLCs with SML CPP protocol when
the deciphering key set changes. The Ciphering Key Flag in the LCS Broadcast Data message is changed only
when the coordinating SML C changes the deciphering key set and delivers the new set to other SMLCsin the
same |ocation area.

- The SMLCs upon receiving the new deciphering key set, start using immediately the new set in the LCS
Broadcast Data message. The coordinating SMLC aso starts using the new set same time.

The deciphering key set changes always following way when the new set is generated:
- The Next Deciphering Key comes to the Current Deciphering Key in the new set.
- One new key istaken into use and named as the Next Deciphering Key.
- The Ciphering Key Flag changes the state.
The Ciphering Key Flag controls the M S key usage (Current/Next Deciphering Key) asfollows:
- After receiving the new deciphering key set, MS starts using the new set immediately.

- TheCiphering Key Flag in the LCS Broadcast Data message and the one received returned to the M S should
have same polarity. This means that M S starts using the Current Deciphering Key immediately.

- When the Ciphering Key Flag state changesin the LCS Broadcast Data message then M S starts to use the Next
Deciphering Key for deciphering the broadcast message. The Next Deciphering Key becomes now the Current
Deciphering Key in MS.

Figure 35 describes the deciphering key delivery mechanism.

Decryption key A § Decryption key B Decryption key C
MS 1 requests MS 1 requests MS 1 requests MS 1 requests MS 1 requests MS 1 requests
deciphering keys deciphering keys deciphering keys deciphering keys deciphering keys deciphering keys
MS_2 req_uests MSlZ requests MSlZ requests MS 2 requests MS 2 requests MS 2 requests
deciphering keys deciphering keys deciphering keys deciphering keys deciphering keys deciphering keys
' |
MS 3 requests MS 3 requests MS 3 requests MS 3 requests MS 3 requests
deciphering keys deciphering keys deciphering keys deciphering keys deciphering keys
i y Vr¢ E¢V A YV YyYVY VYV Y : >
~— ~ — ~ — ~N — time
Decryption keys A and Decryption keys B and Decryption keys C and
are delivered are delivered are delivered

Figure 35: Deciphering key delivery

- First the key A isthe Current Deciphering Key and key B is the Next Deciphering Key.

- When the SMLC changes to use the key B (Next Deciphering Key) then the Deciphering Key Flag stateis
changed in the LCS Broadcast Data message. At this point the coordinating SMLC delivers the new deciphering
key set to other SMLCs in the same location area as well asto MS when MSis requesting the keys during the
location update (IMSI Attach, Normal or Periodic Location Update).

- The new deciphering key set contains now key B as the Current Deciphering Key, key C as new Next
Deciphering Key and the Ciphering Key Flag currently in use in that location area.
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- When the SMLC changesto use the key C (Next Deciphering Key) then the Ciphering Key Flag state is changed
in the LCS Broadcast Data message. At this point the coordinating SMLC delivers the new deciphering key set
to other SMLCsin same location area as well asto MS when MS is requesting the new set during the location
update (IMSI| Attach, Normal or Periodic Location Update).

- The new deciphering key set contains now key C as the Current Deciphering Key, key D as new Next
Deciphering Key and the Ciphering Key Flag currently in use in that location area.

The process continues as above when the keys are changed. The lifetime of one key (Current/Next Ciphering Key) is
minimum one periodic location update period used in the location area.

9.5 U-TDOA Positioning Procedures

9.5.0 General

Following the receipt of alocation request message from the BSC, the U-TDOA capable SMLC interrogates the BSS
for the RF channel information associated with the MS to be located. The SMLC uses this information to task the
LMUs at the serving and surrounding cells. The LMUs are tasked to measure the identified RF channel(s) and thus
provide atime reference from different LMUs. The time-of-arrival information from the tasked LMUs is returned to the
SMLC where the MSlocation is calculated.

9.5.1 U-TDOA Positioning in CS Domain for A/Gb-mode

9511 General Procedures

The U-TDOA location method uses the uplink energy transmitted by an MS to make alocation determination. |If the
MS was in the dedicated mode, carrying subscriber traffic prior to the beginning of the location process, the energy
associated with this subscriber traffic can be used to locate the MS. If the MS was placed in the dedicated mode by the
M SC specifically for location determination purposes, either the SDCCH or TCH can be used for U-TDOA location
purposes.

9.5.1.2 CS U-TDOA Messages and Procedures on the Lb Interface

The following section describes the positioning procedure for CS U-TDOA location determination on the Lb interface.

SMLC BSC

1.) BSSLAP U-TDOA Request

2.) BSSLAP U-TDOA Response

3.) BSC initiates power-up
procedures

Figure 36: CS U-TDOA Positioning Procedure

1. The SMLC sendsaBSSMAP-LE Connection Oriented Information message to the BSC that contains the
embedded BSSLAP U-TDOA Request message. The U-TDOA Request message may contain the delta timer
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value. The BSC starts the delta timer, received or internal, immediately after sending the U-TDOA Response
message to the SMLC. The purpose of thistimer is to define the maximum time during which the BSC
supervises the location request.

2. The BSC sends a BSSMAP-LE Connection Oriented Information message to the SMLC that contains the
embedded BSSLAP U-TDOA Response message. The U-TDOA Response message contains the physical
channel information (frequencies, hopping sequence, channel type, time slot, sub-channel number, etc.), the
intended Power-Up Starting Time (if the power-up procedure for U-TDOA is supported), the MS power, the cell
identifier, and the TA. If frequency hopping is used, the U-TDOA Response message a so includes the frequency
list. The U-TDOA Response message a so contains the ciphering key (Kc) if ciphering is used on the air
interface and the version of the applied A5 ciphering algorithm (A5/x). The Kc is ciphered if sent from the
SMLC to any LMU. The SMLC and any LMU with which it interacts shall also be mutually authenticated.
These requirements shall be met using a security mechanism meeting the capabilities of the Zb interface of
NDS/IP (TS 33.210) or TLS (RFC 2246). The LMU installation shall meet the same physical security
requirements as a BTS installation. For locations on channels that are not ciphered, the algorithm identifier will
show the same.

3. If the power-up procedure for U-TDOA is supported, the BSC may use the normal power-control command to
order the MSto go to the maximum power allowed by the BTS. After the M S has been at full power for a period
of one second, the BSC shall return to normal power-control. During the time the MSis ordered to the maximum
power, the BSC may temporarily suspend uplink DTX, if in use.

9.5.1.3 RR Procedure effecting the CS U-TDOA channel description

The location determination processis not an instantaneous event and it can take a few seconds to collect and calculate
location determination related data. If changes happen to the last reported channel description and the location
determination is not complete, an updated channel description needsto be sent to the SMLC.

The BSC considers the location determinations complete if; it receives a BSSAP-LE Perform Location response
message; or the deltatimer expires; or it receives a valid BSSL AP message for a new positioning method.

The RR procedures that effect the U-TDOA channel description arelisted in Table 9.5.1. The “ Treatment” column lists
the appropriate BSSLAP message to be sent by the BSC to the SMLC. The Reset message is defined in 3GPP TS
48.071 and shall contain the updated channel description. After sending the Reset message the BSC shall restart the
delta timer and continue supervision of the location request.

Table 9.5.1: RR Procedures affecting the CS U-TDOA channel description

RR Procedure in Dedicated Mode Treatment | Comments

Channel assignment procedure. Reset

Handover procedures (intra-BSS). Reset For successful intra-BSS handover.

Frequency redefinition procedure. Reset Only meaningful in the case of frequency hopping.

Packet request procedure whilein Reset For DTM, when an existing CS connection is

dedicated mode. modified as PS resources are added in order to
comply with M S frequency/time domain
restrictions.

Packet downlink assignment while Reset For DTM, when an existing CS connection is

in dedicated mode modified as PS resources are added in order to
comply with M S frequency/time domain
restrictions.

Channel mode modify Reset

If the BSC receivesthe BSSLAP U-TDOA Request message during one of the identified RR proceduresin Table 9.5.1,
it will complete the ongoing RR procedure and then respond with the BSSLAP U-TDOA Response message.
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9.5.14 BSC Error Handling during CS U-TDOA Positioning Procedure

There are three (3) BSSLAP messages defined to handle error scenarios that occur during the U-TDOA location
process. Reset, Reject and Abort. Please refer to 3GPP TS 48.071 for the messages' details. The BSSLAP Reset
message is used to update the U-TDOA channel description as outlined in 9.5.1.3.

In Table9.5.2, dl identified RR procedures are listed that result in the BSSL AP Abort message to be sent from the BSC
to the SMLC. The Abort message is only sent if the U-TDOA location determination is not complete. The BSC
considers the location determinations complete if; it receives a BSSAP-LE Perform Location response message; or the
deltatimer expires; or it receives avalid BSSLAP message for a new positioning method.

Table 9.5.2: RR Procedures resulting in BSC Error Handling

RR Procedure in Dedicated Mode Treatment
Handover procedure (inter-BSS). Abort
Handover to UTRAN procedure. Abort

Handover to CDMA2000 procedure. Abort

RR connection release procedure. Abort

If the BSC receivesthe BSSLAP U-TDOA Request message during one of the identified RR proceduresin Table 9.5.2,
it will respond with the BSSLAP Abort message.

If the BSC is unable to perform the U-TDOA positioning for other reasons than those related to the items listed in Table
9.5.1 and Table 9.5.2, it will respond to the BSSLAP U-TDOA Reguest message with the BSSL AP Reject message.

9.5.2 U-TDOA Positioning in PS Domain for A/Gb-mode

9521 Introduction

The U-TDOA location method uses information transmitted by an M S to make alocation determination. The initial
state of the MS will be identified and will dictate the procedure to be followed in the location process. If the MSwasin
the packet transfer mode, sending uplink RLC/MAC blocks prior to the beginning of the location process, the energy
associated with this continuing uplink data can be used to locate the MS. If the MS was previoudly idle in the uplink
direction and placed in the active state by the SGSN specifically for U-TDOA location determination purposes, it is
necessary to cause the M S to send uplink information using the Packet polling procedure (see 3GPP TS 44.060).

An uplink block of data containing the PACKET CONTROL ACKNOWLEDGEMENT message is equivalent to any
other RLC/MAC block for U-TDOA location purposes; i.e. one uplink RLC/MAC block is equivalent to one execution
of the Packet polling procedure. This applies only to the lowest numbered timeslot in the case of a multi-slot uplink
TBF. The Polling Repetition information element in the U-TDOA Request message defines the total number of
RLC/MAC uplink blocks required to achieve the desired location QoS within arecommended period of two seconds,
including any PACKET CONTROL ACKNOWLEDGEMENT message received due to the execution of a Packet
polling procedure.

9.5.2.2 General Procedures

The U-TDOA location method procedures depend on the initial condition of the MS. If the MSisinitialy in packet
idle mode the Packet Polling method shall be applied as described in sub-clause 9.5.2.2.1. Whenthe MSisinitidly in
the packet transfer mode it may or may not be sending uplink data. If the MSis not sending uplink data the Packet
polling procedure shall be applied. The application of the U-TDOA location method in the packet transfer mode is
described in sub-clause 9.5.2.2.2.
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95221 MS in packet idle mode

For an MSthat isin packet idle mode, application of the U-TDOA location method requires that a single timeslot
downlink TBF be established. Thisdownlink TBF shall be used for repeated executions of the Packet polling procedure
in order to cause a mobile to transmit for atime sufficient to achieve the requested level of location accuracy. The
number of repetitions of the Packet polling procedure required to achieve the desired level of accuracy shall be
indicated in the U-TDOA REQUEST message sent from the SMLC to the BSS.

The BSS shall execute the indicated number of Packet polling procedures after an implementation dependent interval to
allow assignment of the Location Measurement Units (LMU) to the indicated ARFCN and timeslot(s). The RRBP field
shall be used to schedule the resulting PACKET CONTROL ACKNOWLEDGEMENT messages. The BSS must
indicate a PACKET CONTROL ACKNOWLEDGEMENT response containing the TLLI by setting the TY PE OF
ACK information element to RLC/MAC control block in all PACKET POLLING REQUEST messages associated with
U-TDOA positioning.

If the MSisalocated an uplink TBF prior to completion of the required number of Packet polling procedures, the BSS
may suspend the Packet polling procedure and send a Reset message to the SMLC containing the physical channel
information for the allocated uplink TBF. Following sending of a Reset message, the BSS shall reset the Polling
Repetition counter to zero and restart the U-TDOA positioning procedure after an implementation dependent interval.

The downlink TBF established for U-TDOA location purposes should be used if asingle timeslot downlink TBF is
required during the execution of the U-TDOA location procedure. If a multi-slot downlink TBF is required during the
execution of the U-TDOA location procedure, the assignment of this TBF may be delayed until the completion of the
U-TDOA location procedure, otherwise the BSS shall send a Reset message to the SMLC and reset the Polling
Repetition counter as described previously.

If both an uplink TBF and a downlink TBF are required during the execution of the U-TDOA location procedure, the
Packet polling procedure may be restarted and the uplink RLC/MAC blocks can be used for U-TDOA location as
described subsequently.

9.5.2.2.2 MS in packet transfer mode

If only adownlink TBF existsit shall be used to execute the Packet polling procedure, on the lowest numbered timeslot
transmitted before the last PACKET POLLING REQUEST/PACKET CONTROL ACKNOWLEDGEMENT cycle has
been completed, the BSS shall not set the FBI bit in the RLC/MAC header of the last data block. The TBF shall be
terminated after the last cycle of the Packet polling procedure using a PACKET TBF RELEASE message from the BSS.
If the MSisallocated an uplink TBF prior to completion of the required number of Packet polling procedures, the BSS
may suspend the Packet polling procedure and send a Reset message to the SMLC as described in sub-clause 9.5.2.2.1.

If only an uplink TBF exists and RLC/MAC blocks are available for transmission (on the lowest numbered timeslot for
amulti-slot TBF), those blocks shall be used to locate the M'S using the U-TDOA location method. If the number of
uplink blocks pertaining to the uplink TBF isinsufficient to satisfy the requested number of uplink data blocks within
an implementation dependent period recommended to be two seconds, the Packet polling procedure shall be executed
on the existing uplink TBF for the balance of the requested blocks. The lowest numbered timeslot shall be used for the
Packet polling procedure if the existing uplink TBF isamulti-slot TBF. The uplink TBF shall not be terminated until
the Packet polling procedures have been compl eted.

If both an uplink and downlink TBF exist, either TBF may be used for M S location using the U-TDOA location method
as described previously. The TBF should not be terminated until the Packet polling procedures have been completed.

9.5.2.3 PS U-TDOA Messages and Procedures on the Lb Interface

The following section describes the positioning procedure for PS U-TDOA |ocation determination on the Lb interface.
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SMLC BSC

1.) BSSLAP U-TDOA Request

'

2.) BSSLAP U-TDOA Response

Figure 37: PS U-TDOA Positioning Procedure

1. The SMLC sends a BSSMAP-LE Connection Oriented Information message to the BSS that contains the
embedded BSSLAP U-TDOA Request message. The U-TDOA Request message contains the required number
of received uplink RLC/MAC blocks, repetitions of the RLC/MAC Packet polling request procedure or
combination of both. Theinclusion of this Polling Repetition information element in the U-TDOA Request
message indicates that the location determination shall occur in the PS domain.

2. The BSS sends a BSSMAP-LE Connection Oriented Information message to the SMLC that contains the
embedded BSSLAP U-TDOA Response message. The U-TDOA Response message contains; the physical
channel information (frequencies, time slot, TFI, TLLI, start time, etc.); the MS power; the cell identifier; and
the Timing Advance. For M S without an existing uplink or downlink TBF the BSS establishes a downlink TBF,
if one does not currently exist. The BSS monitors any uplink TBF until the requested number of RLC/MAC
blocks has been received, executes the specified number of Packet polling procedures on the lowest numbered
timedlot in the case of a multi-dot TBF or a combination of both as described in clause 9.5.2.1. The BSS releases
any downlink TBF established solely for U-TDOA location.

9524 RLC/MAC Procedure affecting the PS U-TDOA TBF description

The RLC/MAC procedures that effect the U-TDOA channel description are listed in Table 9.5.3. The “ Treatment”
column lists the message to be sent by the BSS to the SMLC. The Reset message is defined in 3GPP TS 48.071 and
shall contain the updated channel description. After sending the Reset message the BSS shall wait for an
implementation dependent interval to allow reconfiguration of the LMUS, start the U-TDOA location process from the
beginning and continue supervision of the location request.

Table 9.5.3: RLC/MAC Procedures affecting the PS U-TDOA channel description

RLC/MAC Procedure Treatment | Comments

Packet Timed ot Reconfigure Reset

Packet Access Reject Reset Access retry cases

Cell Reselection Reset MS originated (intra-BSS)
Packet Cell Change Order Reset Network originated (intra-BSS)

If the BSS receives the BSSLAP U-TDOA Request message during one of the identified RLC/MAC proceduresin
Table 9.5.3, it will complete the ongoing RLC/MAC procedure and then respond with the BSSLAP U-TDOA Response
message. The Reset message must be sent after completion of the listed RLC/MAC procedure if that procedure must be
executed during an ongoing U-TDOA location event.

9525 Error Handling during PS U-TDOA Positioning Procedure

In Table 9.5.4, all identified RLC/MAC procedures are listed that result in the BSSL AP Abort message to be sent from
the BSSto the SMLC. The Abort message isonly sent if the U-TDOA location determination is not complete. The BSS
considers the location determinations complete if; it receives a BSSAP-LE Perform Location response message; or it
receives avalid BSSL AP message for a new positioning method.
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Table 9.5.4: RLC/MAC Procedures resulting in Error Handling

RLC/MAC Procedure Treatment Comments

Cell Reselection Abort MS originated (inter-BSS)

Packet Cell Change Order Abort Network originated (inter-BSS)
Packet Pause Abort

Packet Access Reject Abort Cases without access retry indication

If the BSSis unable to perform the U-TDOA positioning for other reasons than those related to the items listed in Table
9.5.3 and Table 9.5.4, it will respond to the BSSLAP U-TDOA Reqguest message with the BSSLAP Reject message.

9.6 Multilateration Positioning Methods

9.6.1 General

Multilateration Positioning methods do not require the use of LMUs. For devicesin PEO or EC operation (see 3GPP TS
43.064 [41] two methods are supported: Multilateration Timing Advance (MTA) and Multilateration Observed Time
Difference (MOTD). Based on assistance information from the BSS, targeted accuracy, M S capability and SMLC
capability the SMLC decides which method to use, see sub-clause 9.6.2.2 below. When the MSisin idle mode the Core
Network initiates the methods by indicating ‘ paging for positioning’ as specified in sub-clause 9.1.3a. Both methods are
only applicable for the PS domain in A/Gh-mode.

9.6.2 Multilateration Timing Advance

9.6.2.1 General procedure

This positioning method is based on one or more BSS acquiring Timing Advance (TA) information from a set of cells
selected by the MS wherein the MSis triggered to perform MTA as aresult of receiving an RRLP message from an
SMLC indicating the MTA positioning method is to be used. The RRLP message may include network assistance
information in order to facilitate and speed up the procedure, see sub-clause 9.6.2.4.2 for more details. Based on signal
strength the M'S autonomously selects a subset of the cellsidentified by the network assistance information (if any) to
use for MTA. In addition, the MS may also select one or more additional cells not identified within assistance
information the triggering RRLP message to perform MTA. In each of the selected cells the M S performs packet access
for the BSSto be able to estimate a TA value for that particular cell. Three different methods are supported for the
Timing Advance estimation.

- RLC datablock method: This method supports Timing Advance Estimation for devicesin both PEO and EC
operation (CC1-CC4) wherein the M S sends an access burst on the (EC-)RACH and receives a corresponding
single block allocation on the (EC-)AGCH for transmission of an RLC data block on a dedicated resource. The
RLC data block contains M S accuracy related information and Source Identity of the serving cell see sub-clause
9.6.2.2. The method is suitable for Multilateration both cells internal to the serving BSS as well asfor cells
belonging to a non-serving BSS.

- Extended Access burst method: This method supports Timing Advance Estimation for devicesin both PEO and
EC operation (CC1 only) wherein the M Sfirst sends an access burst and receives an assigned timing advance
value within a corresponding Acknowledgement received on the (EC-)AGCH. It then sends an Extended Access
Burst containing M S accuracy related information and a Short BSS ID that via configuration can be mapped to a
serving BSS, see sub-clause 9.6.2.2. The method is suitable for both cellsinternal to the serving BSS as well as
for cells belonging to a non-serving BSS when the M S has been provided with a Short BSS ID in the triggering
RRLP message.
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- Access burst method: This method supports Timing Advance Estimation for devicesin both PEO and EC
operation wherein the MS sends an Access Burst on the RACH and receives an Acknowledgement on the (EC-
)JAGCH. The method is only suitable for cellsinterna to the serving BSS.

All TA estimations made by a BSS for any given M S performing MTA are relayed to the serving SMLC along with the
identity of the reporting cell, the MS and BTS Accuracy thereby allowing the SMLC to estimate the position of the
target MS.

9.6.2.2 Multilateration Timing Advance Request

The signalling flow is generic irrespective if the MSisin Packet Idle or Packet Transfer mode. If the MSisin Packet
Idle mode, the Multilateration Timing Advance request procedure is performed subsequently to the paging for
positioning procedure in sub-clause 9.1.3a. The signaling flow in Figure 38 below applies to integrated and standalone
SMLCsin apacket switched network.

SGSN SMLC BSS MS

1. Perform Location Request
2. BSSMAP-LE Perform
Location Request

3. Assistance Information Transfer

4. RRLP (Multilateration request)

5. MS sends L2 ACK (PDAN)

6. MS measure and determines
Cells for Multilateration

. . __ 7. MS establishes connection
Multilateration Timing

with selected cells
Advance procedure /

BSS estimates TA values

8. BSS forwards Timing Advance
estimates to SMLC node

9. SMLC node collects TA
values and calculates position

10. BSSAP-LE Perform
Location Response
11. Perform Location Response

Figure 38: MTA positioning procedures in the PS domain

1. The SGSN sends a BSSGP PERFORM-LOCATION-REQUEST to the BSC serving the MS and includes, if
available, the “Multilateration Timing Advance’, “M S Sync Accuracy” and “BTS Reception Accuracy Level”.

2. The BSC sendsto the SMLC aBSSMAP-LE Perform Location Request message that includesthe “LCS
capahility”, the “BSS Multilateration Capability” and if available also the “Multilateration Timing Advance”,
“MS Sync Accuracy”, “BTS Reception Accuracy Level”.

3. The SMLC may invoke the Assistance Information Transfer procedure to request Assistance Information from
the serving BSS by sending to it a BSSMAP-LE Assistance Information Request message that includes a set of
one or more cells for which assistance information is requested and optionally include a limited set of “Random
ID” values (applies to Extended Access Burst method) or a set of “ Short ID” values (applies to Access Burst
method) associated with each cell for which it has requested Assistance Information. The serving BSS responds
with a BSSMAP-LE Assistance Information Response message that contains the “Cell Information List” with
the per cell assistance information and the “BTS Reception Accuracy Capability”, see sub-clause 9.6.4.1 for
more additional details.

4. To meet atargeted positioning accuracy the SMLC usesthe “BTS Reception Accuracy Capability” aswell asthe
“MS Sync Accuracy” as provided in the MSRAC | E (see 3GPP TS 24.008 [8]) to determine the number of
targeted cellsto be used in the MTA procedure and based on the serving cell it includes assistance datain an

ETSI



3GPP TS 43.059 version 14.2.0 Release 14 73 ETSI TS 143 059 V14.2.0 (2017-10)

RRLP Positioning M ultilateration Timing Advance Request message (see 3GPP TS 44.031 [15]) and sends the
message to the M S (tunnelled via the BSS and the SGSN, see sub-step below and sub-clause 8.1afor the general
description).

4a. The SMLC passes a BSSMAP-LE Connection Oriented Information message to the serving BSS containing
an indication of the type of Multilateration method, a Multilateration Positioning Method timer and an
embedded BSSLAP MS Position Command with an RRLP message parameter including the RRLP
Positioning Multilateration Timing Advance Reguest message.

4b. The BSS relays the embedded RRLP message, the RRLP flags |E and the MPM timer to the SGSN inside a
BSSGP Position Command message. When the BSSGP Position Command message has been transferred, the
BSS shall start a Multilateration supervision timer for the associated SCCP connection corresponding to the
value indicated by the Multilateration Positioning Method timer field and upon expiry release the connection.

4c. The SGSN receives the RRLP message in the BSSGP Position Command message and relaysit to the MSin
an LLC Ul frame and includes a Positioning Event Indicator in the DL-UNITDATA PDU to indicate that the
LLC PDU contains an RRLP Multilateration Timing Advance Request message (thisis determined based on
SGSN receiving a value for the MPM Timer in the BSSGP Position Command message). When the DL -
UNITDATA PDU has been transferred the SGSN starts a supervision timer corresponding to the value
indicated by the Multilateration Positioning Method timer for the associated M S and suspends downlink data
delivery while the timer is running (see 3GPP 48.018 [25]).

5. The MS acknowledges reception of the RRLP MULTILATERATION REQUEST message on RR layer by
means of a PDAN message and therein includes M S accuracy related information (“M S Sync Accuracy” and
“MS Transmission Offset”). The BSS uses this PDAN transmission to estimate the timing advance applicable to
the serving cell (i.e. avalue used asthe “Multilateration Timing Advance”) as well asthe associated BTS
Reception Accurcy Level before the MS leaves the serving cell. The “Multilateration Timing Advance” value as
well asthe “BTS Reception Accuracy Level” and “MS Sync Accuracy” are forwarded from the BSS to the
SMLC (see 3GPP TS 45.010 [42]).

6. The RRLP application in the MS examines the RRLP Positioning Multilateration Timing Advance Request
message and if assistance datais present it may use the assistance data to autonomously select which subset of
these sets of cellsit shall use to perform the radio access part of the MTA procedure. The MS may also select
one or more additional cells not provided by the RRLP message.

7. The MS starts a supervision timer corresponding to the value indicated by timer contained in the RRLP mesage
and sends an Multilateration access request indicating in each of the cellsit selects for performing the
Multilateration Timing Advance procedure.

- New Sl and EC-Sl information shall indicate whether or not a cell supports the Multilateration Timing
Advance procedure using either the RLC Data Block Transmission method, the Extended Access Burst
method or the Access Burst method. This indication may also be included for each of the cellsidentified by
the assistance information sent to the MS in the RRLP Multilateration message.

- Information included within the RRLP Positioning Multilateration Timing Advance Request message
indicates the MTA method is to be used when performing Multilateration Timing Advance for those cells (if
they are used in the procedure). An MSin PEO operation shall perform the Multilateration Timing Advance
procedure in a cell using the method indicated by the RRLP Positioing Multilateration Timing Advance
Request message if (a) if the indicated method is supported by that cell, (b) the M S supports the indicated
method and (c) the RRLP message provides provides sufficient assistance information for performing the
indicated method in that cell. An M S that has enabled EC operation shall follow these same rules with the
restriction that the use of the Extended Access Burst method is limited to an MSin coverage conditions
corresponding to CC1 or better.

- When performing the radio access part of the Multilateration Timing Advance procedure using the RLC Data
Block method aM S sends asingle MCS-1 coded RL C data block that conveys the M S identity (TLLI),
“Source ldentity” information (i.e. the “Cell Identity” and “Routing Area Identity” received in EC SI2/S113 of
the cell in which it was triggered to perform Multilateration), “MS Sync Accuracy”, “MS Transmission
Offset” (applicable to when it transmitts the RLC data block) as well asa“Random ID” (see 3GPP TS
44.031 [15] and 3GPP TS 49.031 [22]). The RLC Data Block sent during the Multilateration Timing
Advance procedure does not contain an LLC PDU. The BSS estimates the timing advance based on UL
transmissions of the MS and adjusts the estimated timing advance value using the MS Transmission Offset
(see 3GPP 45.010[42)).
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8.

- When performing the Multilateration Timing Advance procedure using the Extended Access Burst method
an M S sends an Extended Access Burst wherein the payload space supported by the set of two EC/EGPRS
MULTILATERATION REQUEST messages used to perform the radio access part of the MTA procedure
together convey the MSidentity (“ Short BSS ID” and “RandomiD"), “MS Sync Accuracy” and “MS
Transmission Offset” (applicable to when it transmits the Extended Access Burst). The BSS estimates the
timing advance based on UL transmissions of the MS and adjusts the estimated timing advance value using
the MS Transmission Offset (see 3GPP 45.010[42]).

- When performing the radio access part of the Multilateration Timing Advance procedure using the Access
Burst method an M S sends an access burst wherein the payload space conveys the MSidentity (Short D).
The Access Burst method isonly used for cells belonging to the serving BSS. The BSS estimates the timing
advance based onan M S transmitting a single EC/EGPRS MULTILATERATION REQUEST on UL.

If the BSS has a context for the indicated MS Identity (“ Short ID”, “Random ID”, or TLLI) i.e. it triggered the
current Multilateration Timing Advance procedure for the indicated MS Identity it realizes it is the serving BSS
and sends its default SMLC a“BSSMAP-LE Connection Oriented Information” message containing
“Multilateration Timing Advance’, “MS Sync Accuracy”, “BTS Reception Accuracy Level”, “Cell Identifer”
and “Random ID” information. If the Access Burst method has been used only the “Multilateration Timing

Advance” and “Short ID” are provided by the BSS to the SMLC.

If the BSS has no context for the indicated M S Identity, it realizesit is a non-serving BSS and depending on
which transport mechanism (CS or PS domain) is used to pass information to the serving BSSiit proceeds as
follows:

a) CSDomain Used: The non-serving BSS sends the MSC a“BSSAP-LE Connectionless Information” message
containing “Multilateration Timing Advance”, “MS Sync Accurcy”, “BTS Reception Accuracy Level” and
“Random ID” parameters. The MSC then forwards the “BSSAP-LE Connectionless Information” message to
the serving BSS (identified by the “Network Element Identity (target)” |E in the “BSSAP-LE Connectionless

Information” message).

b) PS Domain Used: The non-serving BSS sends the serving BSS a RAN-INFORMATION/Single Report (via
the serving SGSN) containing “Multilateration Timing Advance’, “MS Sync Accurcy”, “BTS Reception
Accuracy Level” and “Random ID” parameters (see 3GPP TS 48.018 [25].

After receiving information from a non-serving BSS the serving BSS sendsiits default SMLC a“BSSMAP-
LE Connection Oriented Information” message containing “Multilateration Timing Advance’, “MS Sync
Accuracy”, “BTS Reception Accuracy Level”, “Cell Identifer” and “Random ID” information,

For the RLC Data Block and Extended Access Burst methods, the serving SMLC then collects and validates all
“Multilateration Timing Advance’, “BTS Reception Accuracy Level”, “MS Sync Accuracy” and “Cell
Identifier” information associated with agiven M S, for up to the length of the Multilateration Positioning
Method timer after triggering the Multilateration Timing Advance procedure, using the provided “ Random ID”
parameter (see 3GPP TS 49.031 [22]).

For the Access Burst method the serving SMLC collects and validates all “Multilateration Timing Advance”
information associated with agiven M S, for up to the length of the Multilateration Positioning Method timer
after triggering the Multilateration Timing Advance procedure, using the provided “Short ID” value.

If the SMLC receives an instance of MTA information from the BSS wherein either the value of “Random ID”
or “Short ID” parameters has avalue previously received for that MS for the ongoing MTA procedure the SMLC
shall discard that instance of MTA information.

Using validated information, the SMLC then determines the MS location.

10. The SMLC then sends the serving BSS a“BSSMAP-LE Perform Location Response” message and includes the

determined M S location information in the “ Location Estimate” |E.

11. The serving BSS sends the SGSN a “BSSGP PERFORM-LOCATION-RESPONSE PDU” message that includes

the M S location information in the “Location Estimate” |E.
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9.6.2.3

Case 1:

Case 2:

Case 3:

Case 4:

SMLC

Error Handling for MTA

When the SMLC sends the BSSAP-LE Connection Oriented Information message containing the RRLP
Positioning Multilateration Timing Advance Request message to the BSS and the BSS cannot support the
procedure it will send a BSSLAP reject message to the SMLC.

When the BSC forwards the RRLP Multilateration Timing Advance Request message in an BSSGP
Position Command message (sent to the SGSN) the Multilateration supervision timer is started. After this,
if the BSS determines that the current location procedure cannot be continued, the BSS sends an abort
message to the SMLC. The determination that the MS has performed a reselection to anew cell isnot a
reason for the BSS to abort the procedure.

If the Multilateration supervision timer times out in the BSS before any “Muultilateration Timing
Advance’, “MS Sync Accuracy”, “BTS Reception Accuracy Level”, “Cdll Identifier” and “Random ID”
information for the target MS is sent to the SMLC, the BSS shall send a BSSLAP Abort to the SMLC.

The location service attempt may then be restarted from the LCS Client, VM SC, or SGSN.

If the Multilateration supervision timer times out in the MS before the MS has been able to perform the
Multilateration Timing Advance procedure to all selected cells the M S shall abort the procedure and
return to idle mode.

BSS SGSN MS

1. RRLP Request

===

2. RRLP Request

Reject (case 1) 3. RRLP Request

Multilateration
supervision Multilateration

timer started supervision
timer started

Multilateration Timing Advance
procedure

9.6.2.4

9.6.24.1

[ timer expired

BSSAP-LE Connection
Oriented Information
message

Multilateration
supervision
timer expired Multilateration

supervision

Abort (case 3) i

MS Aborts the procedure (case 4)

Figure 39: Error Handling for the MTA procedure in PS domain

Assistance Information

Assistance Information Transfer

The purpose of this procedure is for the SMLC to obtain assistance information from the serving BSS for subsequent
inclusion in the RRLP Positioning Multilateration Timing Advance Request message sent from the SMLC to the MSto
trigger the Multilateration Timing Advance procedure. In the procedure the SMLC sends to the serving BSS a

ETSI



3GPP TS 43.059 version 14.2.0 Release 14 76 ETSI TS 143 059 V14.2.0 (2017-10)

BSSMAP-LE Assistance Information Request message containing the TLLI of the M S, alist of cellsfor which
assistance information is requested and optionally a set of cell specific “Short ID” values assigned by the SMLC, and a
limited set of “MTA Reference ID” values. The “Short ID” field specific to agiven cell isincluded when the SMLC
anticipates using the Access Burst method in that cell (if that cell is selected by the MS for performing MTA).
Similarly, the limited set of “Random ID” valuesisincluded when the SMLC anticipates using Extended Access Burst
method in that cell (if that cell is selected by the MSfor performing MTA). The BSS responds with aBSSMAP-LE
Assistance Information Response message and includes one or more instances of the (EC-)RACH control
parameters/Coverage class threshol ds (Coverage class thresholds are only provided if the serving BSS determines that
the target MSisin EC operation) and BTS Reception Accuracy Capability applicable to the set of cells for which
assistance information has been requested. The BTS Reception Accuracy Capability is used by the SMLC when
determining the targeted number of cellsto be selected by the MS in the Multilateration Timing Advance procedure.

9.6.2.4.2 Provisioning of Assistance Information to the MS

The MSistriggered to perform the M ultilateration Timing Advance procedure through reception of a new RRLP
Positioning Multilateration Timing Advance Request message (see 3GPP TS 44.031[15] sent by the SMLC where the
MSis assumed to bein the best serving cell upon reception of the RRLP message. The RRLP Positioning
Multilateration Timing Advance Request message may include network assistance information that consists of multiple
sets of co-sited cells which the MS may take into account when performing the Multilateration Timing Advance
procedure as well as cells co-sited with the serving cell which the MS shall avoid using when performing
Multilateration Timing Advance procedure. The assistance information included in the RRLP Positioning
Multilateration Timing Advance Request message and may be generated by the SMLC using implementation specific
methods or acquired from the serving BSS using the Assistance |nformation Transfer procedure, see sub-clause 9.6.4.1.
Examples of additional assistance information include information about suitable neighbour cells, an indication of
which of the indicated neighbour cells are co-sited cells, requested accuracy of the positioning procedure in the form of
number of cellsinvolved, the requested MS Sync Accuracy (see 3GPP TS 45.010 [42]), neighbour cell specific
RACH/EC-RACH control/Coverage class parameters. The SMLC may also optionally provide an assignment of cell
specific “Short ID” values (i.e. when the RRLP MTA message indicates Access Burst method is to be used),or alimited
set of “Random ID” values (i.e. when the when the RRLP MTA message indicates Extended Access Burst method or
RL C Data Block method is to be used) to be used during the TA estimation procedure (see 3GPP TS 49.031[22]). The
MS autonomously selects the set of cells for performing the Multilateration Timing Advance procedure which may
include a subset of the cellsidentified by the assistance information. The provisioning of assistance data improves the
location accuracy for the Multilateration Timing Advance procedure and decreases the energy consumed in the MSto
perform the positioning.

9.6.3 Multilateration OTD

9.6.3.1 General Procedure

This procedure uses M'S measured observed time difference between serving cell and one or more neighbour cell and
the timing advance reported by serving base station to estimate the position of the MS using multilateration. The
observed time difference measurement istriggered at M'S on reception of RRLP Multilateration OTD Request message
containing measurement request for multilateration. The message may also include the network assistance information
for OTD measurements such as list of co-sited neighbour cells and list of co-sited cells which share the same site as
serving cell. On reception of the RRLP Multilateration OTD Request M'S autonomously searches for best neighbour cell
and after synchronisation with this cell it measures the time difference between TDMA frame timing of this neighbour
cell and the serving cell. While selecting cell for OTD measurements the M S shall use the assistance information
provided in the RRLP message to identify the co-sited cells and measures the OTD only for the best cell of the co-sited
cells. In case the M S detects cell which is co-sited with serving cell the OTD measurement on this cell shall be skipped.
After completion of OTD measurements with all the detected neighbour cells as per network assistance info or after
measurement made on targeted number of cells provided in the measurement command, M S establishes TBF and sends
RRLP measurement report for OTD multilateration. SMLC estimates the position of MS based on serving cell timing
advance value reported from serving BSS and the OTD measurements reported from MS. The serving cell timing
advance is estimated and reported to SMLC before MS leaves the serving cell for MOTD measurements. If the MS can
find only cells of one neighbour cell site, it reportsin addition to the OTD measurement of the best cell of the neighbour
cell site also the received signal strength of all neighbour cellsthat it can receive. The Multilateration OTD procedureis
only applicable for the PS domain in A/Gb-mode.
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9.6.3.2 Multilateration Observed Time Difference Measurements
The Multilateration OTD is performed subsequently to the paging for positioning procedure described in sub-clause

9.1.3a. The signaling flow in Figure 40 below applies to integrated and standalone SMLCs in a packet switched network
and is described below.
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SGSN SMLC BSS MS

1.BSSGP: Perform Location
Request (Serving cell TA,BSS/MS
Accuracy related information)

Y

2.BSSMAP-LE-Perform Location
Request (Serving cell TA, BSS / MS
Accuracy Related information)

3.RRLP: Multilatgration OTD
Request

Y

4.MS Acknowledgement of DL
RLC Block containing the RRLP
message

5. BSC forwards the serving
cell TA Estimation to SMLC.

6..RRLP: Multilgteration OTD
Response (OTDO Measurements
With neighbour ¢ells along with
measured MS downlink Sync
accuracy informjation)

A

7.SMLC estimate the position based on MOTD
measurements contained in the Multilateration
Response and also the Serving cell TA received
from BSS

8..BSSMAP-LE-Perform Location
Response

Y

9.BSSGP: Pefform Location
Response

Figure 40: MOTD positioning procedure in the PS domain
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1

4)

5)

7)

The SGSN sends a BSSGP PERFORM-LOCATION-REQUEST to the BSC serving the MS. SGSN also
includes the serving cell Timing advance, MS/BTS accuracy information in the message if available.

The BSC sends a BSSMAP-LE Perform Location Request message to the SMLC that includes the LCS
capability |E and the BSS Multilateration Capability IE.

Based on the serving cell TA parameters reported, targeted M S position accuracy SMLC decides the
Multilateration method to be used. The SMLC includes assistance data, if any, in an RRLP
MULTILATERATION OTD REQUEST message and sends to the M S (tunnelled via the BSS and the SGSN,
see sub-step below and sub-clause 8.1a for the general description).

3a. The SMLC sends a BSSMAP-LE Connection Oriented Information message to the serving BSS containing
an embedded BSSLAP M S Position Command with an RRLP message parameter including the RRLP
MULTILATERATION OTD REQUEST message.SML C includes the multilateration method and
multilateration positioning timer information in this message.

3b. The BSS relays the embedded RRLP message and the RRLP flags | E to the SGSN inside a BSSGP Position
Command message. The BSS also includes the multilateration positioning timer information in this message
which was received from SMLC.

3c. The SGSN receives the RRLP message in the BSSGP Position Command message and relaysit to the MSin
an LLC Ul frame. The SGSN starts the Multilateration positioning timer. SGSN does not send any downlink
data towards MS while this timer is running. SGSN also includes additional parameter in the DL
UNITDATA PDU which contains the RRLP message that the LLC PDU contains multilateration message.

The MS acknowledges the reception of the RRLP MULTILATERATION REQUEST message on RR layer by
means of a PDAN message and therein includes M S accuracy related information (“MS Sync Accuracy” and
“MS Transmission Offset”). The BSS uses this transmission to estimate the timing advance to the serving cell
before the MS leaves the cell.

BSS sends the estimated timing advance along with BTS/M S accuracy related information to SMLC.

The RRLP application in M S receives the message and if it contains the network assistance information M S uses
thisinformation for selecting the neighbour cells for OTD measurements as part of its autonomous neighbour
cell selection for OTD measurements. The RRLP message may a so contain the targeted number of measurement
reports.

6a. M S synchronises to each of the detected neighbour cells and compares the TDMA frame timing of the
neighbour cell with the TDMA frame timing of serving cell. The difference between the TDMA frame timing
isconsidered as OTD of the neighbour cell with serving cell. MS uses the assistance information provided to
select the neighbour cells for which OTD measurements are required.

6b. M S a so reports the downlink synchronisation accuracy of each cell along with each OTD measurement.

6¢. After completing the OTD measurements on required number of cells or on all the detected neighbour cell
sites, MS sendsthe RRLP MULTILATERATION OTD MEASUREMENT RESPONSE message through
serving cell. (For the specia case that the MS can provide an OTD measurement for only one neighbour cell
sSite, see subclause 9.6.1.1.)

SMLC receives the OTD measurement reports from MSviaRRLP MULTILATERATION OTD
MEASUREMENT RESPONSE. SMLC calculates the position of the M S based on timing advance of MS
estimated at serving cell and the OTD measurements of neighbour cells.

NOTE: If the MS reports only one OTD measurement, the SMLC can perform only abilateration. If the bilateration

resultsin 2 intersections of 2 circles, the reported signal strength values of the neighbour cells can be used
to determine which of these 2 possible M S locations is more plausible.

The SMLC then sends the serving BSS a“BSSMAP-LE Perform Location Response” message and includes the
determined location information in the “Location Estimate” |E.

The serving BSS sends to the SGSN a “BSSGP PERFORM-LOCATION-RESPONSE PDU” message that
includes the identified MS location in the “Location Estimate” |E.
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9.6.3.3 Error Handling for MOTD

Casel: Whenthe SMLC sendsthe BSSAP-LE Connection Oriented Information message containing the RRLP
Multilateration OTD Request message to the BSS and the BSS cannot support the procedure it will send a
BSSLAP reject message to the SMLC.

Case2: If the Multilateration supervision timer times out in SMLC before receiving the RRLP Multilateration
OTD Measurement Response from MS SMLC aborts the procedure.Case 3:  If the RRLP Multilateration
OTD Measurement Response does not contain sufficient information for estimating the position, SMLC
estimates the position based on serving cell ID +Timing advance and report this position in the Location
Estimate |E.

9.6.34 Network Assistance Information for Multilateration OTD

The OTD measurements for multilateration can be optimised based on assistance information given from network as
part of the Multilateration OTD measurement message. SMLC may include the list of co-sited cells at neighbour cell
sites in the network assistance information which can be used by M S to optimise the OTD measurements among the co-
sited cells. SMLC may also include the co-sited cells of serving base station as additional parameter. If the required
positioning accuracy is known to SMLC, SMLC may also indicate the target number of measurement reportsin the
assistance information to optimise the MOTD measurements at MS. SMLC may also provide the requested downlink
sync accuracy (see 3GPP TS 45.010) to M S as part of the assistance information.

10 Information storage
This clause describes information storage structures that are mandatory (M), conditional (C) or optiona (O) for LCSin

GERAN, and the recovery and restoration procedures needed to maintain service if inconsistencies in databases occur
and for lost or invalid database information.

10.1 SMLC

Common Data

Table 2 holds permanent BTS data:

Table 2: Permanent SMLC Data for aBTS

Permanent BTS Data Item Status Description
BTS position M BTS position (latitude/longitude) of the Serving BTS
CGl M Cell global identity.
BSIC M Base station identity code.
BCCH M Freguency of the broadcast carrier.

The SMLC holds datafor its associated LMUs. The main key to LMU datain the SMLC isthe IMSI for aType A LMU
and acell siteidentifier for aType B LMU. LMU data provides the location capabilities of the LMU (e.g. which
location and assi stance measurements are supported). The following permanent data shall be administered for any
LMU.

ETSI



3GPP TS 43.059 version 14.2.0 Release 14 81 ETSI TS 143 059 V14.2.0 (2017-10)

Table 3: Permanent SMLC Data for an LMU

Permanent LMU Data Item Status Description
Type of LMU M Indicates if LMU is Type A or Type B
IMSI C Main key to data for a Type A LMU. Not applicable to a Type B LMU
LAC + ClI C Cell site identifier to address a Type B LMU. Not applicable to a Type A
LMU.
Signaling Access M Information regarding signalling access to the LMU including the
following:

- address of default serving BSC

- SS7 link set to serving BSC (or to an intermediate STP)
Serving Cell M Identity of the cell in which the LMU is physically located
Geographic location C Latitude/longitude coordinates

Storage of coordinates is mandatory for E-OTD if an LMU is not co-
located with a BTS

Position measurement o List of supported position measurements

functions For each type of position measurement, a list of associated capabilities —
details are outside the scope of the present document

Assistance measurement 0] List of supported assistance measurements

functions For each type of assistance measurement, a list of associated capabilities
— details are outside the scope of the present document

Diagnostic functions (0] List of supported diagnostic functions — details are outside the scope of

the present document

The SMLC aso holds the following temporary data for each LMU for which there has been any previous signalling
interaction.

Table 4: Temporary SMLC Data for an LMU

Temporary LMU Data ltem Status Description
Position Measurements (0] Ongoing and scheduled position measurements ordered in the
LMU by the SMLC — details are outside the scope of the
present document
Assistance Measurements @) Ongoing and scheduled assistance measurements ordered by
the SMLC - details are outside the scope of the present
document
O&M Activities (0] Ongoing and scheduled O&M activities ordered in the LMU by
the SMLC - details are outside the scope of the present
document

An LMU contains no mandatory data regarding its associated SMLC. An LMU shall contain permanent data regarding
its measurement and O& M capabilities and may contain pre-administered data regarding | ocation assistance
measurements and O& M activities that the LMU isto perform without the need for any command from the SMLC. The
content of such location measurement and O& M related data is outside the scope of the present document.

10.2  Recovery and Restoration Procedures

The LCS recovery and restoration procedures allow temporary data to be recovered or re-initialized following loss or
corruption of data, such that normal LCS service israpidly restored and inconsistency between the data held by
different LCS network elementsis removed. For a full description, refer to 3GPP TS 23.007 [4].
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