ETSI TR 102 495-7 v1.2.1 2010-03)

Technical Report

Electromagnetic compatibility

and Radio spectrum Matters (ERM);

System Reference Document; Short Range Devices (SRD);
Technical characteristics for SRD equipment using

Ultra Wide Band Sensor technology (UWB);

Part 7: Location tracking and sensor applications for
automotive and transportation environments operating in the
frequency bands from 3,1 GHz to 4,8 GHz and 6 GHz to 8,5 GHz

D



�خ��b���f�{󉓢�!=_����c��Ƕ�K�'�}�te��8,�2��D�������l�AI�����	�6�t�� ��R8s���;���4�piZ��ը���e
�ޛ��2���1��:�ܦҠ

2 ETSI TR 102 495-7 V1.2.1 (2010-03)

Reference
RTR/ERM-TGUWB-009-7

Keywords
radar, radio, short range, SRDoc, testing, UWB

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +33 4 92 94 42 00 [ Fax: +33 4 93 65 47416

Siret N° 348 623 562 00017 - NAF 742 C
Association abutynon Jucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° 7803/88

Important notice

Individual copies of the'present document can be downloaded from:
http://www.etsi.org

The present document may be made available in more than one electronic version or in print. In any case of existing or
perceived difference in contents between such versions, the reference version is the Portable Document Format (PDF).
In case of dispute, the reference shall be the printing on ETSI printers of the PDF version kept on a specific network drive
within ETSI Secretariat.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
http://portal.etsi.org/tb/status/status.asp

If you find errors in the present document, please send your comment to one of the following services:
http://portal.etsi.org/chaircor/ETSI_support.asp

Copyright Notification

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

© European Telecommunications Standards Institute 2010.
All rights reserved.

DECT™, PLUGTESTS™, UMTS™, TIPHON™, the TIPHON logo and the ETSI logo are Trade Marks of ETSI registered
for the benefit of its Members.
3GPP™is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners.
LTE™ is a Trade Mark of ETSI currently being registered
for the benefit of its Members and of the 3GPP Organizational Partners.
GSM® and the GSM logo are Trade Marks registered and owned by the GSM Association.

ETSI


�R�h��&�f&�&�Y�����������4]�?!
�c�P���-̳r]�^�{��3��	��E���|�S�c�r��:xS�>������x�-�t��v@��#����7��G���ȭ��sB����*m�

3 ETSI TR 102 495-7 V1.2.1 (2010-03)

Contents
INtellectual Property RIGNES.... ..ottt b e b nr e nen e 5
0 Yo (o SRS 5
gLl [N o1 o o [OOSR 5
1 o010 PR 7
2 L= £ 101 7
21 NOFMEBLIVE FEFEIEINCES ......cutititiite ittt ettt sttt h et e e bbbt e b e e ae e s e e e e s e besheeb e s bt ebe et ensenbese e besaeebenaeeneennens 7
2.2 INFOrMELIVE FEFEIEINCES. ... ettt e bbb bt e st e s e et e s b sh e e e e s e beseesbesbeebesneeneennens 8
3 Definitions, symbols and abbreviations ............coceeiiiiiie i e 9
31 D= T 0T (0] 1SRRI 9
3.2 SYIMDOIS. ... ottt ettt b et h bt e h bt s e e bt e bt sE bt b e e b e b e ek R e R e e bR e e bt e et b e ne e e b e e e b 9
33 Y o] = V7= 110 1RSSR 9
4 Comments on the System Reference DOCUMENT ..o 10
5 EXECULIVE SUMIMAIY ...ttt sttt doa e s e e besaeensesbeenseses e nsesseensessesnsesessesnseseessnensensens 10
5.1 Background INfOrMELION. ........eeiieieeeee e sdinbeFe e eveesree st e seeee e dhide s freeseenteensesseessaesseeseensesnsesnensnns 10
5.2 Application technical summary and market iNformation ..............cooeeta@rion e 10
521 Category A: Location tracking in public transportation (road and fail Vehicles)..........ccccevvreenercienenenens 10
522 Category B: Location tracking and positioning ifthe automotive environment ............ccocevevveverieeeeneenn. 11
523 Category C: Sensing in the automoti Ve ENVIFBAMENL ... 6 et e eenens 12
53 Radio spectrum requirements and JUSEETCaIONN= ...l el 13
6 O oIl g= 0 (81 (0] v o 13
7 Proposed regUIALIONS ............ it fatee et s e e fia e e sreessessesssessesseessesseensessesssessessesnsessessennsensens 13
8 Requested ECC and EC aGLIONS .........c.eeeee e A st etesteeee st s e e te e e s tesreeaesresneessesaeennesreenaenresreas 14
9 EXPECLET ETSI GCHONS ...ttt eme sttt ettt et testeese e tesse et e sseeeeseeeneesenneas 15
Annex A: Detailed mar ket informMation™............coiireiiriere e ens 16
ALl RANGE OF GDPIICALIONS. ... e hi e ereete sttt seess e et es sttt b et et e e e e et e bt e bt b e b e se e s e e e e eseenenb e e nenr e e e e 16
A2 MAKEL SIZE BNA VBIUE. ..o ettt b e bbbttt b et be st e e 16
A21 Market potential for BIBO based EFM as envisaged under Calegory A .....c.vcceeeereereereeseesesseeseeeseeenneeneens 16
A22 Market potential for Automotive Positioning Systems as envisaged under category B ... 17
A.23 Market potential for Automotive Sensor Systems as envisaged under category C ........coeovereiereneieneeneens 17
y NG T I = i o=V 7= U= 4 o] PP 18
Annex B: Detailed Technical inforMation ..........cccceoiiieieneeese e s 19
B.1 Detailed teChniCal AESCIIPLION .......coiiieiiiiitiitei et bbb nr e n e 19
B.1.1 PUblic TranspOrtation SYSEMIS........cciieii e eie e sees e te e s esre s te et e eaeessaeste e se e teesseensesneesseesseesseanseensenns 19
B.1.1.1 Status of development of electronic fare management systems based on automatic detection of user

107 [ TSP TS O PPTURTURURPRRIN 19
B.1.1.2 W a0 =Y [=STor 1 o1 o SR 22
B.1.2 Category B: Automotive Location POSItIONING SYSIEMS.......ccvcuieiriieseesieee et 23
B.1.21 "KEYING APPIICALION" ..ottt b bbb bbbt bt h b et b et b e e 23
B.1.2.2 Personal Car COMMUNICaLiON SYSLEIML........eiviiiirieiete ettt ettt sb e e 23
B.1.2.3 UWSB tracking function for a car finding application (e.g. in aparking area) ...........c.cceeeevenrenenenenieenn 24
B.1.3 Category C: AULOMOLIVE SENSON SYSLEITIS ......eiuiieiirieiete sttt sttt b et bbbt b e et b e e 24
B.1.3.1 Communication between truck and trallEF ............oeeeeeeee e 25
B.1.3.2 Inside Vehicle Command and Control COMMUNICALIONS..........cceiieirrieriererese et eee e eaeeneens 25
B.1.3.3 ENQiNE COMPAITIMIENT ......eceiieiece ettt e te et e s aee s e e saeesae e seeneeenteesaenseeste e seenseensesneesneesnes 26
B.1.34 Tire Pressure Monitoring SYStEM (TPIVIS) ......oiiiiieieeceese ettt s sae et et sneesnaesnaessaennees 27

ETSI


[�.>���ϵL��y����"���0�,*�ʑ�0���c�`�M�\��59��|���$��|��(民�Y����r�]��(p�c���3Y��N*F�������Uo+%�TS��<W��������P��B�

4 ETSI TR 102 495-7 V1.2.1 (2010-03)

B.2 Technica justification fOr SPECLIUM..........coiiiiice e e ne e 29
B.2.1 Technical justification for propoSed POWET [EVEIS.........cccv i 29
B.2.11 Category A: Location tracking in public transportation (road and rail vehicles).........coceccvvceveeveecennnee. 30
B.2.1.2 Category B/C: Location tracking, positioning, and sensing in the automotive environment...................... 30
B.2.2 Technical justification for DaNAWIAEN. ..o 31
B.221 (O (= o 0] VTSSO U PP PR ORP 32
B.2.2.2 (O (= o 0] VN = T USSR U PP PR SORPP 32
B.2.2.3 (O (= o 0] Y O TP T PP PR ORP 33
Annex C: Expected compatibDility ISSUES .......ccceciiiieecece ettt st 34
C.1  COBKISIENCEISSUES. ......eteueeueeieeueeteste ettt et st e bt bt e st s e se e s e e e e e seeae e b e eh e bt s e e s e e e e e e et e bt eb e e bt ne e nenn e e s 34
C.2  CUMENE ITU @lIOCELIONS. ......veueivieeiieetieetese ettt b s b et s et sn et r et een e s 34
C.3  SNANMNGISSUES. ....c.eiuiieiiteieiteiest ettt b bttt bbb bt h e Rt e bbbt b st e b et b et b et e b et et e e e b e s 34
C31 Sharing issues for Public Transportation SYSIEIMS.........coieiiriiire et 34
C3.2 Sharing issues for AUtOMOLIVE LOCALTON SYSIEMS.......c.ccuiitirieirieieeie sttt 35
C33 Sharing issues for AULOMOLIVE SENSOr SYSLEIMS ......cueiiiiieirerie et st 35
C331 SIMAIT TITE SYSEEIM ..tttk b et et b e e h e bt s e bt bt se bt e b e se e bt e bt sb et eb e s b e e ebesbeneebesbennenea 35
Annex D: (271 o] oo [o=To] )Y S 36
HISIOMY e faton e Eh et n e nne e 37

ETSI


���X�D���>�Z�g�j)�����x]��3��,S���[���a:�pX�N�<����]��M�b&L������ތ���X�4y|����j5����i��~�^�e%��h��(��_���<��Wo�R�ύ�

5 ETSI TR 102 495-7 V1.2.1 (2010-03)

Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (http://webapp.etsi.org/| PR/home.asp).

Pursuant to the ETSI IPR Palicy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

This Technical Report (TR) has been produced by ETSI Technical Committee Electromagnetic compatibility and Radio
spectrum Matters (ERM).

The present document is part 7 of a multi-part deliverable covering.Electromagnetic compatibility and Radio spectrum
Matters (ERM); Short Range Devices (SRD); Technical characteristics for SRD equipment using Ultra Wide Band
technology (UWB) asidentified below:

Part 1.  "Building material analysis and classification applications operating'in the frequency band from 2,2 GHz
to 8 GHz",

Part 2 "Object Discrimination and Charagterization (ODC)-applications for power tool devices operating in the
frequency band of 2,2 GHz to 8,5 GHz";

Part 3:  "Location tracking applications type 1 operating’in the frequency band from 6 GHz to 8,5 GHz for
indoor, portable and mohile outdoor applications?;

Part 4:  "Object Identification for Surveillance applications (OIS) operating in the frequency band from 2,2 GHz
to 8,5 GHz";

Part5:  "Location tracking applicationstype 2 operating in the frequency bands from 3,4 GHz to 4,8 GHz and
from 6 GHz to 8,5 GHz for person'and object tracking and industrial applications’;

Part 6: Void.

Part 7. " Location tracking and sensor applicationsfor automotive and transportation environments
operating in the frequency bandsfrom 3,1 GHzto 4,8 GHz and 6 GHz t0 8,5 GHZ".

Introduction

UltraWide Band (UWB) radio technology enables a new generation of location tracking and sensor devices and opens
new markets with a variety of innovative applications. UWB radio location and sensor devices with an operating
bandwidth of several hundreds of MHz up to several GHz allow tens of centimetre-level accuracy, real-time localization
and positioning even in the presence of severe multipath effects caused by walls, furniture or any other harsh radio
propagation environments.

It isaviable positioning and sensor technology that meets industrial requirementsin the following markets:
1) Hedthcare.
2)  Workplace/Smart Office.
3) Public buildings.
4)  Security.
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5) Defencetraining.

6) Entertainment.

7) Logigtics, warehouses.

8) Manufacturing assembly lines.

9) Road and rail vehicles sensor networks.

10) Public transportation.

ETSI TR 102 495-7 V1.2.1 (2010-03)

The purpose of producing the present document is to lay a foundation for industry to quickly bring innovative and

useful products to the market.

Status of pre-approval draft

The present document has been created by ERM TG31C. It has undergone ETSI internal consultation. Final approval

for publication as ETSI Technical Report is given at ERM#37 (March 2009).

Target version

Pre-approval date version

(see note)

V1.1.1 a | s [ m Date Description

V1.1.1 0.0.7 15 Octobetr 2008 Approved by TG31C and sent to ETSI
ERMfor consultation and subsequent
approval:

V1.1.1 0.0.8 4th“November 2008 Document updated during ERM#36.

V1.1.1 0.0.9 7 November 2008 ETSI internal enquiry version resulting
from ERM#36.

V111 0.0.10 10\November 2008 Clean version of v1.1.1_0.0.9 for ETSI
internal enquiry.

V1.1.1 0.0.11 10 Deeember, 2008 Resolution of the internal ETSI
consultation at the TG31c#18 meeting.

V1.1.1 0.0.12 5 January 2009 Clean version of V1.1.1 0.0.11 including
a few minor editorials.

V111 0.0.13 16:January 2009 Editorial improvement of version
V1.1.1 0.0.12.

V1.1.1 0.0.14 16 January 2009 Clean version of V1.1.1_0.0.13 with a few
comments left in.

V1.1.1 0.0.15 21 January 2009 Comments left in from V0.0.14 resolved
in this version.

V121 0.0.1 21 September 2009 Update of application A, B and C

according to recent EC regulation and
ECC WGFM investigations.

NOTE:

See clause A.2 of EG 201 788 [i.12].
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1 Scope

The present document covers a system description and the corresponding spectrum requirements for devices using
UWAB radio technology operating in the frequency range from 3,1 GHz to 4,8 GHz and from 6 GHz to 8,5 GHz which
are in automotive or public transportation environments (e.g. installed in road and rail vehicles).

The operating radio link distance is limited typically to a maximum of about 30 meters, whereby some application
scenarios show challenging operating conditions which impose the requirements stated in the present document.

Some applications described in the present document will enhance the safety of the passengers, but these applications
are not safety critical.

UWB based applications under the scope of the present document typically rely on small, cost and energy effective,
lightweight tags/sensors which are attached inside or outside the vehicle, to objects or parts of the vehicle to be
monitored, or are explicitly carried by passengers. They may also form an integral part of portable electronic equipment
carried by passengers (such as future generation mobile phones equipped with an additional UWB air interface).

They are connected to one or more "reference stations', also in the scope of the present document, placed inside the
vehicle, which collect the data and communicate, when needed, viaa UWB signal to the tags/sensors.

The present document includes necessary information to support the ‘co-operation between ETSI and the Electronic
Communications Committee (ECC) of the European Conference of Post and Telecommunications Administrations
(CEPT), including:

o Detailed market information (annex A).
e  Technical information (annex B).

. Expected compatibility issues (annex’C).

2 References

References are either specific (identified by date:of publication and/or edition number or version number) or
non-specific.

o For a specific reference, subseguent-revisions do not apply.

. Non-specific reference may be made only to a complete document or a part thereof and only in the following
Cases:

- if it isaccepted that it will be possible to use all future changes of the referenced document for the
purposes of the referring document;

- for informative references.

Referenced documents which are not found to be publicly available in the expected location might be found at
http://docbox.etsi.org/Reference.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication ETSI cannot guarantee
their long term validity.

2.1 Normative references

The following referenced documents are indispensabl e for the application of the present document. For dated
references, only the edition cited applies. For non-specific references, the latest edition of the referenced document
(including any amendments) applies.

Not applicable.
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Informative references

The following referenced documents are not essential to the use of the present document but they assist the user with
regard to a particular subject area. For non-specific references, the latest version of the referenced document (including
any amendments) applies.

[i.1]

[i.2]

[i.3]

[i.4]

[i.5]
[.6]

[i.7]

[i.8]

[i.9]
[i.10]

NOTE:

[i.11]

[i.12]

[i.13]

NOTE:

[i.14]

[i.15]

CEPT/ERC Report 25: "The European table of frequency allocations and utilizationsin the
frequency range 9 kHz to 3 000 GHZz" Lisboa 02- Dublin 03- Kusadasi 04- Copenhagen
04-Nice 07- Baku 08.

ECC/DEC/(06)04 of 24 March 2006 on the harmonized conditions for devices using
Ultra-Wideband (UWB) technology in bands below 10.6 GHz.

ECC/DEC/(06)04 of 24 March 2006 amended 6 July 2007 at Constanta on the harmonized
conditions for devices using UltraWideband (UWB) technology in bands below 10.6 GHz
(2007/131/EC) amended 6 July 2007.

Commission Decision 2007/131/EC of 21 February 2007 on allowing the use of the radio
spectrum for egquipment using ultra-wideband technology in a harmonized manner in the
Community.

ECC/DEC/(06)12 (December 2006): Draft update approved by ECC TG3 in October 2008.

EC Mandate M/407: " Standardization mandate forwarded to GEN/CENELEC/ETSI for
harmonized standards covering ultra-wideband equipment”.

|EEE 802.15.4a: " Standard for Information Technology:= T.elecommunications and information
exchange between systems - Loeal andumetropolitan-area networks - specific requirement

Part 15.4: Wireless MediumAcess Control (MAC) and Physical Layer (PHY) Specifications for
Low-Rate Wireless Personal AreaNetworks (LR-WPANS)".

Standard ECM A-368-(December 2008): 'HighrRate Ultra Wideband PHY and MAC Standard;
3rd edition’”.

Standard ECMA-369 (December:2008): "MAC-PHY Interface for ECMA-368; 3'd edition".

ISO/IEC FCD 14443-1 (Revision): "ldentification cards - Contactless integrated circuit(s) cards -
Proximity integrated ciretit(s) ‘cards - Part 1: Physical characteristics'.

Available for all parts at: http://wg8.de/sd1.html#14443.

Department of Transportation National Highway Traffic Safety Administration, 49 CFR
Part 571: (Docket No. NHTSA 2000-8572), RIN 2127-Al3, "Federal Motor Vehicle Safety
Standards; Tire Pressure Monitoring Systems; Controls and Displays".

ETSI EG 201 788: "Electromagnetic compatibility and Radio spectrum Matters (ERM); Guidance
for drafting an ETSI System Reference Document".

DfT Research Database Project: Be-In Be-Out Payment Systems for Public transport.

Available at: http://www.dft.gov.uk/rmd/project.asp?intProjectl D=12490.

Commission Decision 2009/343/EC amending Decision 2007/131/EC on allowing the use of the
radio spectrum for equipment using ultra-wideband technology in a harmonised manner in the
Community.

ETSI TR 102 495-3: "Electromagnetic compatibility and Radio spectrum Matters (ERM); System
Reference Document; Short Range Devices (SRD); Technical Characteristics for SRD equipment
using Ultra-Wideband Sensor Technology (UWB); Part 3: Location tracking applications type 1
operating in the frequency band from 6 GHz to 8,5 GHz for indoor, portable and mobile outdoor
applications'.
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[i.16] ETSI TR 102 495-4: "Electromagnetic compatibility and Radio spectrum Matters (ERM); System
Reference Document; Short Range Devices (SRD); Technical characteristics for SRD equipment
using UltraWide Band Sensor technology (UWB); Part 4: Object Identification for Surveillance
applications (OIS) operating in the frequency band from 2,2 GHz to 8,5 GHz".

[i.17] ETSI TR 102 495-5: "Electromagnetic compatibility and Radio spectrum Matters (ERM); System
Reference Document; Short Range Devices (SRD); Technical characteristics for SRD equipment
using Ultra Wide Band Sensor technology (UWB); Part 5: Location tracking applications type 2
operating in the frequency bands from 3,4 GHz to 4,8 GHz and from 6 GHz to 8,5 GHz for person
and object tracking and industrial applications”.

[i.18] I TU-R Radio Regulations Edition of 2008.

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:
activity factor: reflects the effective transmission time ratio

range resolution: ability to resolve two targets at different ranges

3.2 Symbols

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

dBm deciBel relativeto 1 mwW

C velocity of lightinavacuum

oR range resolution or multipath rejectionsesolution
Tp pulse width

3.3 Abbreviations

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

2D/3D Two Dimensional/Three Dimensional

BIBO Be-In-Be-Out person/tag positioning system
CAN Controller Area Network

CEPT Conference Europeenne des Administrations de Postes et des Telecommunications
DAA Detect and Avoid

ECC Electronic Communications Committee

ECU Electronic Control Unit

EFM Electronic Fare Management

ERC European Radiocommunications Committee
ERM Electromagnetic compatibility and Radio spectrum Matters
ETSC European Transport Safety Council's

GPS Globa Positioning System

HDR-LT High Data Rate Location Tracking

ITU International Telecommunication Union

LAN Local Area Network

LDC Low Duty Cycle

LDR Low Data Rate

LDR-LT Low Data Rate - Location Tracking

LIN Local Interconnect Network

MB-OFDM MultiBand OFDM

NHTSA National Highway Traffic Safety Administration
OFDM Orthogonal Frequency Division Multiplexing
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PAN Personal Area Network

PRF Pulse Repetition Frequency

PSD Power Spectral Density

RF Radio Frequency

RKE Remote Keyless Entry

SRD Short Range Device

TPC Transmit Power Control

TPMS Tire Pressure Monitoring Systems

uwB UltraWide Band

UWB-RT Ultra Wide Band Radio Technology
4 Comments on the System Reference Document
Void.
) Executive summary

5.1 Background information

The growing demand for UWB based applications installed'in road\and rail vehicles‘covered in the present document
are grouped into three categories according to the commenalitiesin the spectfal usage requirements resulting from
specific application scenarios. All three categories belong to.the automotive or’public transportation environments.
They arelisted in table 1 and shortly summarizedinsclause®.2.

Table 1: Overview of location tracking and.sensor applications for automotive
and public’ transportation:environments

category application short-description frequency
A Location Tracking in |Location positioning datagrams are exchanged through one |3,1 GHz to 4,8 GHz,
a public or more of the reference stations mounted inside the vehicle | 6,0 GHz to 8,5 GHz
transportation at convenientylocations, with mobile tags carried by
environment passengers-and/or luggage. The typical range of radio

operationisyl>m to 30 m. Environmental conditions can be
challenging in selected cases. All cases need to be covered
withrhigh'reliability.

B Location Tracking in |Location tracking datagrams are exchanged between a 3,1 GHz to 4,8 GHz,
the automotive base station located inside the vehicle and corresponding 6,0 GHz to 8,5 GHz
environment mobile tags and/or the vehicle key.

C Sensing in the Telemetry datagrams are exchanged in a vehicle mounted 3,1 GHz to 4,8 GHz,
automotive sensor network. 6,0 GHz to 8,5 GHz

environment

5.2 Application technical summary and market information

The implementation of new UWB applications in transportation environments requires new spectrum for the defined
categories as further described in the following clauses.

5.2.1 Category A: Location tracking in public transportation (road and rail
vehicles)

In various European countries public transportation network operators are currently looking for Electronic Fare
Management (EFM) systems based on the Be-In-Be-Out (BIBO) principle. Be-In-Be-Out systems determine
automatically if aperson isinside atransportation means and are more accepted than any check-in-check-out
technology in public transportation. It is a basic element of future Electronic Fare Management Systems.

BIBO systems can be realized in an optimal way applying UWB radio-based, accurate, rea-time, automatic positioning.
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Small mobile tags operating as transceivers are attached to the objects to be monitored or are carried by humansin
clothing or inside luggage. A network of reference stations is inside the vehicle and suitably coversthe internal area.
The network communicates with the tags. Typically, the range between atag and a reference station will be from 1 mto
30 m, depending on the public transportation vehicle size and geometry.

By analysing tag-related radio link parameter(s), e.g. the time-of-arrival and/or angle-of-arrival of the radio signal
relative to the known reference stations, the 2D/3D position of the tag(s) can be found. Data can be transmitted
containing information derived by the tags.

The main application, EFM systems based on the BIBO principle, needs to exchange data telegrams and identify the
location of mobile tag(s) in or around the public transportation vehicles. The base stations (or so called anchor nodes)
are placed inside the vehicle. The system is basically communicating to exchange | ocation datagrams with some minor
additional information for example about tag identity.

Two UWB specific technological options are still being considered: LDR-LT based on pulsed transmissions (similar to
standardized |EEE 802.15.4a]i.7]) aswell asHDR-LT based on MB-OFDM (similar to standardized

ECMA-368[i.8] and ECMA-369 [i.9]). The communication is controlled by a cluster head and thus will happen
subsequently with the tag devices (usually up to severa tens of devices per cluster head coverage area). However, this
happens only in certain time intervals and at different geographic positions as the transportation system operates mainly
if customers occupy/leave the transportation vehicle.

Selected European experimental activities have illustrated the strong«demand for EFM systems, for example see [i.13];
however it is hardly possible at the moment to provide exact figures.on the market share of BIBO-based systems.

In Germany BIBO is already part of the German EFM standard"V DV-Kernapplikation®". In the UK the British
Department for Transport has contracted a desk study on the-applicability of BIBQ for the UK's public transport market
in 2007. In Switzerland the Swiss Federal Railways has requested proposalsfrom/suppliers of BIBO technologies using
mobile phonesin 2007. From public transportation network operators in.other-EU countries, such as Portugal, a general
demand for BIBO solutions is known from the CALY PSO project:

It can be extrapolated from the active EU countries, that in general BIBO systems are of highest interest for public
transportation network operators in the European landscape characterized by a high coverage of public transport. The
application of BIBO systemsincreasesguality~of life for the-passengers and provides significant economic advantages
for the public transportation network, operators. Furthermore,the-application of BIBO systems saves natural resources
such as energy and reduces pollution like CO,.

Experiments and trials have shown that the BIBO systems need to function fully automatically in order to reach
sufficient user acceptance level and therefore-standardized low power short range radio with inherent high accuracy and
real-time location positioning features areequired. UWB is the only radio technology known currently fulfilling those
requirements. Therefore it can be expected.that in the far future all BIBO systems will be completely realized by
applying UWB radio technology.

The number of BIBO systems in operation in the future can be extrapolated to the total number of public transportation
systemsin agiven geographic area. Other technological aternatives have clearly shown weaknesses in user acceptance
(end user as well as public transport network operator), which will lead in the long term to their disappearance from the
market resulting in a 100 % coverage of UWB-based BIBO EFM systems.

For more market information concerning category A systems, see annex A. For detailed technical information of
category A, see annex B.

5.2.2 Category B: Location tracking and positioning in the automotive
environment

In the automotive environment, the radio link range istypically on the order of the size of the vehicle and the base
station(s) is(are) typically inside the vehicle, while the tag could be inside or outside the vehicle. One example
application is the door open function with the ability to locate a mobile tag based on ranging. The system mainly
exchanges short data telegrams being used for processing ranging when the tag is arriving at the vehicle zone or is
leaving the vehicle zone.

ETSI


��X�(v��H:z�9����eK���X�mUE��}:�������8O��f��e֔9�~
r��	g"���)-}a�rz����bP����_ڥt6������PO��DH[�.V���M_˓�%�|�݋��̹�

