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Foreword

This Technical Report 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 inecorporated in the document.
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1 Scope

<Editor's note: Text in this section is cited from the original text in 'Annex A.1 Overview'>

Path-loss technol ogies cover a broad scope of specific location technologies, including: RSSI Trilateration technologies,
certain Enhanced Céll-ID technologies, and RF pattern matching technologies. For the purposes of this Study Item,
individual technology groupsto be evaluated will be treated independently as Annexesto the TR.

Inthis TR, Annex.A should:
- Describe pattern matching and outline it's benefits and challenges.

- Ilustrate the required messaging to support RF pattern matching technologies, as well as the projected
performance improvements associated with additional messaging/measurement support.

- Confirm the performance capability of RF pattern matching Technology on the UMTS air-interface, over al
environments. Both in terms of accuracy and location result latency:

- Dense Urban
- In-Building
- Rura

- llustrate the Standardized architecture for RF pattefrn'matching technologies as related to the UMTS and future
air interfaces.

- Provide an outline of anticipated standardization réquirements for improved performance and interoperability of
RF pattern matching technol ogies.

- Provide a conclusion based on the information contai ned heréin and a recommendation to the 3GPP regarding
standardization of RF pattern matching.Fechnologieswithinthe RAN.

2 References
[1] Weiss, A., "On The Accuracy of A Cellular Location System Based on RSS Measurements,”" |EEE
Transactions on Vehicular Technology, vol. 52, pp. 1508 — 1518, Nov 2003.
[2] Catovic, A. and Sahinoglu, Z., "The Cramer—Rao Bounds of Hybrid TOA/RSS and TDOA/RSS
Location Estimation Schemes," |EEE Communications Letters, vol. 8, pp. 626 — 8, Oct 2004.
[3] 3GPP TR 25.942: " Universal Mobile Telecommunications System (UMTYS); Radio Frequency
(RF) system scenarios
[4] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.
[5] 3GPP TS 25.331: "Radio Resource Control (RRC); Protocol specification”.
[6] 3GPP TS 25.453: "UTRAN lupc interface Positioning Calculation Application Part (PCAP)
signalling".
[7] 3GPP TS 25.215: "Physical layer; Measurements (FDD)".
3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions givenin TR 21.905 [4] and the following apply. A
term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [4].
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3.2 Symbols

For the purposes of the present document, the following symbols apply:

3.3 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in
TR 21.905[1].

4 Overview

<Editor's note: Text in this section is cited from the original text in 'Annex A.1>

Performance in field deployments and trials of Path-loss technologies indicates potential benefits, both in terms of
location accuracy and latency, in including some of these technologiesin the Standards. Individual Path-loss
technologies will be eval uated thoroughly and objectively in this TR to assess which, if any, of these are sufficiently
promising so as to justify further consideration by the 3GPP.

5 Feasibility of path-losstechnologiesfor location on
UMTS

5.1 RF pattern matching

<Editor's note: Text in this section is'€ited'from thexoriginal textifn’'/Annex A.2.1 and A.2.1.1>

pattern matching technol ogies represent a family of Path Loss based technologies that rely on matching the RF
environment (as experienced by the UE) to the known characteristics of the larger RF System in which the UE is
operating. Information from the UE, including measurements of neighbour cell signal strengths, time delay and other
network parameters form the basis of the RF environment to be compared to the established System RF Database. The
intent of this approach is to mitigate the negative impacts of anomalies within the RF environment that challenge the
accuracy of trilateration technologies (e:g. multipath and reflection).

The RF pattern matching positioning method is based on measurements made by the UE and Node B.  The essential
measurement set required for this method is currently defined in [25.215] and necessary for the basic mobility
functionality and hence this method will work with existing mobiles without any modification.

6 Evaluated performance of path-loss technologies on
UMTS
6.1 General

<Editor's note: Text in thissection is cited from the original text in ‘Annex A.8, detailed simulation methodology
and results are presented in Annex A >

- RF pattern matching provides a significant improvement in performance to Cell-1D with RTT
- Average simulated improvement was 47.3%

- Highest smulated improvement was 259%
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6.2 RF pattern matching technologies on UMTS

See Annex A.6.

7 Network Architecture for Path-loss technologies on
UMTS

7.1 RF pattern matching technologies on UMTS

<Editor's note: Diagram in this section is cited from the original text in 'Annex A.5.1>

- Architecture shown is the currently approved 3GPP L CS architecture (no architecture changes are needed for RF
pattern matching)>

BTS Abis BSC

b MSC

Stand-Alone
SMI:C

lupe SGSN

Node B RNC
lab

Figure A.5.1: Overlay Architecture for RF pattern matching

8 Summary comparison of path-loss technologies with
currently standardized location technologies on
UMTS

Refer to Clauses A.3 and 10.1.

9 Anticipated requirements for the standardization of
path-loss technologies in 3GPP

9.1 RF pattern matching technologies on UMTS

<Editor's note: Diagram in this section is cited from the original text in 'Annex A.7>
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9.1.1 Modifications to TS 25.331 [5] (RRC Protocol Specification) and
TS 25.453 [6] include:

The changes anticipated for this specification include the definition/addition of RF pattern matching to the UE
Positioning description section (8.6.7.19) and the inclusion of RF pattern matching in the defined UE positioning
procedures. Additionally, a PCAP group for "RF pattern matching" will be required in TS 25.453.

9.1.2  Anticipated Change Requests
- Inter-RAT

The ability to leverage Inter-RAT measurements in an overlay network will provide significant potential improvements
in location accuracy for RF pattern matching. It is anticipated that these measurements will be requested as an optional
parameter (at least for use in emergency service locations).

- IPDL

IPDL offers similar advantages to RF pattern matching to those that it gives to other location technologies (e.g.
OTDOA). To the extent that this capability is pursued for those technologies, it isintended that it will be used to benefit
RF pattern matching as well.

- Absolute Ec (Sector TX Power)

As RF pattern matching is a path-loss, based |ocationtechnology, absolute Ec will allow for better definition of the
local UE environment and improved location accuraey. It.iSassumed that this-measurement will be requested in the UE
positioning report for RF pattern matching.

- Round Trip Time (RTT)

Given the dynamic power management:scenarios that are being usedin the UTRAN, The measure of RTT has good
potentia to improve the accuracy of«any path-loss based:location technology. Accessto RTT as an optional parameter
has great benefit to RF pattern matching, as well as ECID-and should be and it is anticipated that this measure will be
requested as an optional parameter.

10 Conclusions

<Editor's note: Text in this section is cited from the original text in 'A.8>

10.1 RF pattern matching technologies

This section isreiterated in Annex A.8 and provides detailed information on the potential benefits, as well asthe
implications, of the inclusion of RF pattern matching in the UTRAN. As aresult of the evaluation contained herein, it
can be shown that:

- RF pattern matching provides a significant improvement in performance to Cell-1D with RTT
0 Average simulated improvement was 47.3%
0 Highest ssimulated improvement was 259%
- RF pattern matching operates with limited impact on the network or UE
o0 No network hardware requirements
o No UE modifications
- Anticipated Changes have benefit for other location methods

o IPDL — Also needed for OTDOA
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0 RTT — Also benefits Cell-ID, OTDOA and UTDOA

There are growing market segments for location services that require both location accuracy and user transparency
(Government Surveillance and Lawful Intercept); these services cannot be addressed with location technologies which
require UE support or modification (A-GPS, GNSS, OTDOA). Additionally, Emergency Service applications require a
level of location accuracy which has not been met with Cell-ID and RTT. The potential benefits of RF pattern matching
and and the relative ease with which this location method can be adopted in the UTRAN would indicate that it is
appropriate that the technology be included in the UTRAN in support of the services noted above, as well as for
cooperatve deployment with satellite-based systems (A-GPS, GNSS, etc.) in support of "Hybrid" location technology
for Location Based Services (LBS).
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