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Important Notice

Texas Instruments Incorporated and/or its subsidiaries (TI) reserve the right to make corrections, mod-
ifications, enhancements, improvements, and other changes to its products, software and services at
any time and to discontinue any product, software or service without notice. Customers should obtain
the latest relevant information during product design and before placing orders and should verify that
such information is current and complete.

All products are sold subject to TI's terms and conditions of sale supplied at the time of order ac-
knowledgment. Tl warrants performance of its hardware products to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control tec h-
nigues are used to the extent Tl deems necessary to support this warranty. Except where mandated
by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are respon-
sible for their products and applications using Tl products, software and/or services. To minimize the
risks associated with customer products and applications, customers should provide adequate design,
testing and operating safeguards.

Any access to and/or use of Tl software described in this document is subject to Customers entering
into formal license agreements and payment of associated license fees. Tl software may solely be
used and/or copied subject to and strictly in accordance with all the terms of such license agreements.

Customer acknowledges and agrees that Tl products and/or software may be based on or implement
industry recognized standards and that certain third parties may claim intellectual property rights
therein. The supply of products and/or the licensing of software does not convey a license from Tl to
any third party intellectual property rights and Tl expressly disclaims liability for infringement of third
party intellectual property rights.

Tl does not warrant or represent that any license, either express or implied, is granted under any TI
patent right, copyright, mask work right, or other Tl intellectual property right relating to any combina-
tion, machine, or process in which Tl products, software or services are used.

Information published by Tl regarding third—party products, software or services does not constitute a
license from TI to use such products, software or services or a warranty, endorsement thereof or
statement regarding their availability. Use of such information, products, software or services may
require a license from a third party under the patents or other intellectual property of the third party, or
a license from Tl under the patents or other intellectual property of TI.

No part of this document may be reproduced or transmitted in any form or by any means, electronical-

ly or mechanically, including photocopying and recording, for any purpose without the express written
permission of TI.
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0.1 References, Abbreviations, Terms
[TI7010.801] 7010.801, References and Vocabulary, Texas Instruments

[8443_716_02_EOTD_RRLP.doc]
E-OTD RRLP, Low Level Design specification, Condat AG

[3GPP_04.31] 3 Generaton Partnership Project Technical Specification Group GSM EDGE Radio Access Net-
work; Location Services (LCS); Mobile Station (MS) — Serving Mobile Location Centre (SMLC); Radio
Resource LCS Protocol (RRLP), (V8.8.0 Release 1999)

[C_7010.801] 7010.801, References and Vocabulary, CondatAG
[8443_713_02_EOTD_SystemArchitecture.doc]

E-OTD System Architecture, High level design specification, CondatAG
[CU0239] Cursor Standard Log Format, Issue 1.0, January 2002

1 Introduction

This document defines the functionality of the Location Service Controller and Cursor Bridge in more
detail. The overall E-OTD design on a general level is described in

[8443_713 02_EOTD_SystemArchitecture.doc]. The RRLP module is described in
[8443_716_02_EOTD_RRLP.doc].

A.1 Blockdiagram of the software structure

ACI
MNLC
LC
-
RRLC LC Contr.
L?RLP
RRRRLP
RRLP CSRLC
Cursor task (CSR)
. Cursor
RR Cursor Algorithm [¢— Bridge
MPHC
PL

Figure 1: LC details

Figure 1 shows the details of the Location Service module. All positioning calculations and algorithms
are based on the Cursor module, provided by CPS. It consists of two parts, the Cursor Algorithm and
the Cursor Bridge code. To have a more generic approach for further developments, the LC controller
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co-ordinates the positioning requests to the appropriate implementation, e.g. E-OTD or GPS. Condat
will develop the LC controller and the RRLP. The Cursor Bridge code is available in source code,
representing the interface between the LC controller and the Cursor Algorithm. It is used to exemplify
the data handling between the modules but will be adapted to the Condat needs. The Cursor Algo-
rithm module is provided in object code, receiving the correlation data and BTS identifier and calc u-
lates precise OTD values. The interface between LC controller and RRLP is primitive based with func-
tional character in order to allow running RRLP in other task context, e.g. RR.

1.1 Service Access Points

The LC Controller block and the RRLP block inside the LC module is assigned to a new task. Follow-
ing new entities are defined:

LC —forthe LC Controller
RRLP — for the new protocol

- with the respective SAP's:

RRRRLP — communication between RR and RRLP.

RRLC - communication between RR and LC controller.

RRLP - communication between LC controller and RRLP

MNLC - communication between LC controller and ACI during test and demonstration.

The definition of these SAP’s can be found in [8443_713_02_EOTD_SystemArchitecture.doc].

The Cursor module, i.e. Cursor Bridge and Cursor Algorithm, will not be implemented as a separate
entity. Instead it will be implemented as part of the LC Controller.

1.2 Controller

The controller is co-ordinating the different implementations for the Location Service, e.g. E-OTD or
GPS. For testing and demonstration purpose SMS-based communication needs to be implemented.
This enables E-OTD functionality tests at the CPS test facility side, as there are no RRLP function
tests available yet. For instance a new SMS based location request is handled by ACI. ACI forwards
the request to the LC controller where a request is passed to RR for starting a single data acquisition
request to Layer 1. Layer 1 is performing the acquisition and passing the data over RR back to the LC
controller. These data is processed inside the Cursor Algorithm and formatted in one single SMS for
distributing to the Test environment over the LC controller and ACI. In case of a real network or RRLP
enabled test environment the RRLP module is used instead of the SMS-based approach, the rest of
the functionality stays the same

1.3 Cursor module

The Cursor Algorithm is available only in object form where the Cursor Bridge is available in source
code and will be adapted to the internal needs. Part of the Cursor Bridge is the SMS formatting mod-
ule, preparing the processed data inside one SMS for further distribution.

2 LC Controller

2.1 State Machine
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RRLP_REQUEST
s2

Figure 2: The state machine for LC Controller.

The state machine for the Controller is made of three states: IDLE, RRLP_REQUEST and
SMS_REQUEST. Figure 2 gives an overview of the state machine and state transitions. Only events
causing a state transition are shown in the figure.

IDLE:

IDLE is the initial state. The state handles periodic measurements arriving unsolicited from RR. The
RRLP_REQUEST state is entered at reception of an RRLP_POS_IND if there are no measurements
already saved in the algorithm. The SMS_REQUEST state is entered at reception of an
MNLC_SMS_MEAS_REQ if there are no measurements already saved in the algorithm.

RRLP_REQUEST:

In this state the Controller is waiting for a RRLC_MEAS_IND with the additional measurements from
RR. When this arrives the RRLP_POS_RES is send and the Controller returns to IDLE. If instead an
error arrives from RR, for instance in case of the serving BTS is different from the reference BTS, the
IDLE state is also entered.

SMS_REQUEST:

In this state the Controller is waiting for a RRLC_MEAS_IND with the additional measurements from
RR. When this arrives the MNLC_SMS_MEAS_CNF is send and the Controller returns to IDLE. If
instead an error arrives from RR the IDLE state is also entered.
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2.2 State / event table

State State ld Number

IDLE S1

RRLP_REQUEST | §2

SMS_REQUEST | S3

State | S1 S2 S3
Event
RRLP_POS_IND P1:- - D
P1: saved meas. P2: no savedmeas. | P2: §2
RRLC_ERROR_IND D S1 S1
RRLC_MEAS_IND - S1 S1
MNLC_SMS_MEAS_REQ P1:- D -

P1: saved meas. P2: no savedmeas. | P2: S3

-: No state change.
D: Discard event.

State change; event parameter dependency: PX Xindicating number for parameter dependency.

3 Functionality

The functionality and behaviour of the Controller are in the following sections described through differ-

ent scenarios with the help of MSCs.
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3.1 SMS request

3.1.1 SMSrequest, no measurement data

ACI LC Ctrl

=

RR

Title: SMS request, no measurement data
Description: Handling of a measurement request send via SMS.

LC Cilris requested to send location measurement data to the SMLC inan SMS.

MNLC_SMS_MEAS_REQ

CallReference,
csrSmsOnlyCall,
CalledPartyBcdNum

The CSR function getTimingData is called. No computed measurement data is stored.
Additional measurements are requested from RR.

RRLC_MEAS_REQ

no ass. data

Assistance data is not part of an SMS request

RRLC_MEAS_IND

Measurement data, TA data

Requested measurements are stored in the Data Buffer and Timing Advance
measurements are stored in the TA Buffer. The CSR functions csrUpdateTimings,
getTimingData and createSMS are called

MNLC_SMS_MEAS_CNF

CallReference,
cursorDataValid,
SMS

The created SMS is send to ACI.
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3.1.2 SMSrequest, measurement data stored.

ACI LC Ctrl

o

Title: SMS request, measurement data stored
Description: Handling of a measurement request send via SMS.

LC CtIris requested to send location measurement data to the SMLC in an SMS.

MNLC_SMS_MEAS_REQ
[CallReference,
csrSmsOnlyCall,
CalledPartyBcdNum9

LC Controller checks if there are already measurement data stored within the
algorithm, i.e. data collected during periodic measurements. If there are already
stored measurements then the Cursor Algorithm functions getTimingData and
createSMS are called.

MNLC_SMS_MEAS_CNF

CallReference,
cursorDataValid,
SMS

The created SMS is send to ACL. ‘
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3.2 RRLP request

3.2.1 RRLP request, no measurement data

LC Ctrl RRLP RR

Title: RRLP request, no measurement data.
Description: A request to deliver measurements arrives, no measurements are stored,
RR is requested to perform additional measurements.

RRRRLP_DATA_IND

Measure position request

RRLP decodes the Measure position request. If no errors are detected, LC Controller is
requested to deliver position measurements.

RRLP_POS_IND

Ass. Data (ARFCN, BSIC, Expect. OTD,,)
Location Method

The requested method is supported. The CSR function getTimingData does not return valid
measurements sets. New measurements are requested from RR.

RRLC_MEAS_REQ
Ass. Data (ARFCN, BSIC, Expect. OTD,,)

RRLC_NEAS_IND
Measurement|data, TA data

The new measurements are saved in the buffers. The CSR functions csrUpdateTimings
and getTimingData are called.

RRLP_POS_RES
Computed Data

RRLP encodes the Measure position response

RRRRLP_DATA_REQ

Measure position response
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3.2.2 RRLP request, measurement data stored
LC Ctrl RRLP RR

Title: RRLP request, measurement data stored.
Description: A request to deliver measurements arrives. Measurements are already stored
from previous periodic or additional measurements.

RRRRLP_DATA_IND

Measure position request

RRLP_POS_IND

Ass. Data (ARFCN, BSIC, Expect. OTD,,)
Location Method

The requested method is supported. The CSR function getTimingData returns 3 valid
measurements set that where already saved. These are send to RRLP.

RRLP_POS_RES
Computed Data

RRRRLP_DATA_REQ

Measure position response
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3.2.3 RRLP request, serving BTS not reference BTS
LC Ctrl RRLP RR

BTS.

Title: RRLP request, serving BTS not reference BTS.
Description: The reference BTS received in the assistance data differs from the serving

RRLP_POS_IND

Ass. Data (ARFCN, BSIC, Expect. OTD,,)
Location Method

RRLC_ME]

RRRRLP_DATA_IND

Measure position request

AS_REQ

Ass. Data (ARFCN,

RRLC_E

BSIC, Expect. OTD,,)

RROR_IND

cause = LCS |

RONG_BTS

Reference BTS included in assistance data differs from serving BTS.

RRLP_ERROR_REQ

cause =
"reference BTS for E-OTD
is not the serving BTS"

RRRRLP_DATA_REQ

Measure position response
(Location Information Error Element)
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3.24 RRLP request, location method not supported

LC Ctrl RRLP RR

Title: RRLP request, location method not supported.
Description: The location method requested to be used by SMLC is not supported.

RRRRLP_DATA_IND

[Measure position request]

RRLP_POS_IND

Ass. Data (ARFCN, BSIC, Expect. OTD,,)
Location Method

The requested Location method is not supported by the MS.

RRLP_ERROR_REQ

cause = "requested method not supported"”

RRRRLP_DATA_REQ

Measure position response
(Location Information Error Element)
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3.25 RRLPrequest, handover during measurements
LC Ctrl RRLP RR

Title: RRLP request, handover during measurements.
Description: A handover occurs before the measurements are completed.

RRRRLP_DATA_IND

Measure position request

RRLP_POS_IND

Ass. Data (ARFCN, BSIC, Expect. OTD,,)
Location Method

RRLC_MEAS_REQ

Ass. Data (ARFCN, BSIC, Expect. OTD,,)

RRLC_ERROR_IND

cause = LCS_HANDOVER

A handover occurs before the measurements are completed.

RRLP_ERROR_REQ

cause =
"handover"

The procedure is aborted in both LC Controller and RRLP.

3.3 Periodic measurement

LC Ctrl

RR

Title: Periodic measurement
Description: Periodic measurements arrives unsolicited from RR.

RRLC_MEAS_IND

Measurement data, TA data

The received measurements are saved in the buffers and the CSR function
csrUpdateTimings is called.

4 CPS Algorithm

Interface between Controller and CPS Algorithm
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Procedures:

CsrUpdateTimings:

GetTimingData:

CreateSMS:

Global Entity data:

TaBuffer:

DataBuffer:

TimingData:

This function call is used to update the Algorithm with periodic measurement
data (RRLC_MEAS_IND). The CsrUpdateTimings use the input parameter
DataBuffer to deliver measurements.

This function call is used to get position data from the Algorithm.
The position calculaton is received in TimingData. TA data is used as input to the Algorithm ifit
has been received.

This function is only used for test. The function call is used to generate a SMS
message containing the position calculation with a maximum of 140 bytes in a
CPS proprietary format. The message is delivered to the ACI layer.

TaBuffer is used when the RRLC_MEAS_IND contains the TA data received
in a CS setup. The Controller shall copy the TA data to the TaBuffer, which is
used as input for the Algorithm. When the Algorithm use the TA data the posi-
tion calculation is more precise.

DataBuffer is used when periodic data (RRLC_MEAS _IND) is received, the

controller shall copy the signal to the DataBuffer.

TimingData is used by the Algorithm to deliver position calculations.
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Appendices

A. Acronyms

DS-WCDMA Direct Sequence/Spread Wideband Code Division Multiple Access

B. Glossary

International Mobile Tel- Formerly referred to as FPLMTS (Future Public Land-Mobile Telephone
ecommunication 2000 System), this is the ITU's specification/family of standards for 3G. This
(IMT-2000/1TU-2000) initiative provides a global infrastructure through both satellite and terre-

strial systems, for fixed and mobile phone users. The family of standards
is a framework comprising a mix/blend of systems providing global roam-
ing. <URL: http://www.imt-2000.0rg/>
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